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ABSTRACT
Socio-hydrology has expanded and been effective in exposing the hydrological community to ideas and 
approaches from other scientific disciplines, and social sciences in particular. Yet it still has much to 
explore regarding how to capture human agency and how to combine different methods and disciplinary 
views from both the hydrological and the social sciences to develop knowledge. A useful starting ground 
is noting that the complexity of human–water relations is due to interactions not only across spatial and 
temporal scales but also across different organizational levels of social systems. This calls for considera-
tion of another analytical scale, the human organizational scale, and interdisciplinarity in study methods. 
Based on the papers published in this journal’s Special Issue Advancing Socio-hydrology over 2019–2022, 
this paper illuminates how the understanding of coupled human–water systems can be strengthened by 
capturing the multi-level nature of human decision making and by applying an interdisciplinary multi- 
method approach.
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Introduction

As the extent of human activity on Earth and in the water 
environments accelerates, it is becoming increasingly impor-
tant to recognize society and water systems as truly inter-
dependent systems and the subtle interactions that shape 
outcomes (Sivapalan 2015). In coupled human–water sys-
tems, multiple water and social processes with different 
characteristic (temporal and spatial) scales can be relevant, 
and these processes are often connected in ways that are not 
obvious (Blair and Buytaert 2016). Local or short-term pro-
cesses in physical and social domains can be linked to global 
or long-term processes through a mesh of interconnections. 
Making sense out of such complexity is already a difficult 
task, but the challenge multiplies when we begin to consider 
the fact that humans exhibit agency in decision making 
(Pande and Sivapalan 2017). That is, humans are capable 
of making freewill actions and have the potential to act 

differently in seemingly similar situations because their deci-
sions can be sensitive to contextual factors, such as under-
lying sociocultural and biophysical conditions (Ostrom 1998, 
Bandura 2001). In particular, human agency often involves 
multiple or nested levels of decision making that influence 
what actions are taken by which actors, e.g. an infrastructure 
manager’s decisions on local water infrastructure is not free 
from the influences of decisions made by local- and federal- 
level governments and household-level behavioural traits 
(Yu et al. 2020). This multi-level nature of human decision 
making, therefore, should be of significance in understand-
ing why a given water resources-related problem occurs in 
one context but not in another. Hydrology alone is not 
sufficient to tackle this type of understanding. Multiple dis-
ciplinary views and methods from both the natural and 
social sciences are needed to achieve a fuller understanding 
of such complex human–water systems (Tress et al. 2005).

CONTACT Saket Pande S.Pande@tudelft.nl Delft University of Technology, Stevinweg 1, 2628CN, Delft, Netherlands

HYDROLOGICAL SCIENCES JOURNAL                 
2022, VOL. 67, NO. 13, 1905–1916 
https://doi.org/10.1080/02626667.2022.2114836

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

G 
G 

G 

G 

G 

G 

G 

~ , -'- Taylor & Francis @ faylo,&Fraod,Groop 

0 OPEN ACCESS 11'> Checkforupdates l 

G 
G 

G 

http://orcid.org/0000-0001-9929-1933
http://orcid.org/0000-0002-7976-3769
http://orcid.org/0000-0003-0587-6629
http://orcid.org/0000-0003-3061-3185
http://orcid.org/0000-0002-8180-4996
http://orcid.org/0000-0002-5294-9045
http://orcid.org/0000-0002-6562-3159
http://orcid.org/0000-0002-5946-6556
http://orcid.org/0000-0002-4266-4433
http://orcid.org/0000-0003-2682-035X
http://orcid.org/0000-0003-3004-3530
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02626667.2022.2114836&domain=pdf&date_stamp=2022-10-27


Socio-hydrology is an interdisciplinary science of coupled 
hum

an–w
ater system

s that is w
ell suited to take on the chal -

lenge outlined above. Socio-hydrology aim
s to understand the 

relationships betw
een how

 hum
an agents process external 

stim
uli and m

ake decisions and how
 such decisions affect the 

w
ater environm

ent and society (K
onar et al. 2019). O

ne of the 
m

ain achievem
ents of socio-hydrology as a research pro-

gram
m

e has been exposing the hydrological com
m

unity to 
concepts, ideas, and approaches from

 other scientific disci -
plines, and social science in particular. But the field of socio- 
hydrology still has m

uch to explore in term
s of capturing the 

m
ulti-level nature of hum

an agency and how
 to use an inter -

disciplinary approach (i.e. com
bining m

ethods from
 tw

o dis-
sim

ilar fields such as hydrology and political science) to 
develop know

ledge. This view
 is echoed by the invited paper 

series “D
ebates – Perspectives on Socio-hydrology,” w

hich w
as 

organized by W
ater Resources Research in 2015 to provide a 

scientific forum
 on socio-hydrology (D

i Baldassarre et al. 2015, 
G

ober and W
heater 2015, Loucks 2015, Sivapalan 2015, Troy 

et al. 2015). The invited authors com
m

ented on a conceptual 
m

odel of hum
an–flood interaction proposed by D

i Baldassarre 
et al. (2015) that sim

ulated the observed pattern of the levee 
effect, the observation that heavy reliance on flood protection 
structures and the resulting non-occurrence of frequent flood -
ing is often associated w

ith a rise in long-term
 vulnerability. 

H
um

an agency in this w
ork is sim

plified or “lum
ped” to a 

single level: the level of society. D
epending on the degree of 

societal m
em

ory of floods, the m
odel society adjusts its deci -

sions on investm
ents to flood protection structures and on 

floodplain settlem
ent. The invited papers offered useful ideas 

about hum
an agency representation and m

ethodological 
approaches regarding the levee effect. Loucks (2015) high-
lighted that hum

an system
 response to change in w

ater sys-
tem

s can be surprising and is diffi
cult to predict because 

hum
an 

decisions 
are 

sensitive 
to 

contexts. 
G

ober 
and 

W
heater (2015) em

phasized that, because of the lum
ped nat -

ure of the m
odel’s social variables, its representation of social 

processes is over-sim
plified. They also suggested additional 

approaches 
and 

theories 
that 

can 
be 

incorporated 
to 

strengthen the m
odel. In a sim

ilar vein, Troy et al. (2015) 
underscored the diffi

culty of validating socio-hydrology m
od -

els, especially the hum
an system

 part.
Em

erging from
 the foregoing discussion is a gap in the field: 

although using lum
ped social variables and coupling them

 to 
physical processes m

ake system
s m

odelling and analysis tract-
able, they pose challenges to capturing hum

an agency and 
explaining w

hy som
e phenom

enon occurs in one context and 
not in another context. A

lso, because of the heavy reliance on 
m

odel-based sim
ulations and the inherent com

plexity of 
hum

an–w
ater system

s, there are diffi
culties to validating 

hypotheses (Troy et al. 2015). This raises tw
o key them

es for 
further reflection by the socio-hydrology com

m
unity. (1) H

ow
 

can hum
an–w

ater interactions w
ith m

ultiple levels of decision 
m

aking and hum
an agency be represented and studied? (2) 

H
ow

 can an interdisciplinary m
ulti-m

ethod approach be used 
to better understand such hum

an–w
ater system

s? N
ote that an 

interdisciplinary 
m

ulti-m
ethod 

approach 
here 

refers 
to 

attem
pts that integrate m

ethods used in tw
o or m

ore disparate 

disciplines (e.g. com
bining m

ethods for representing natural 
system

 dynam
ics, experim

entally testing hum
an behaviour, 

and for extracting them
atic topics from

 hum
an conversations, 

as illustrated by Janssen et al. 2010 and Yu et al. 2016) as 
opposed to those that integrate m

ultiple m
ethods used in the 

sam
e field or closely related fields (e.g. applying tim

e-dom
ain 

reflectom
etry and gravim

etric m
ethods to determ

ine soil 
m

oisture).
C

ontributing to further reflection on these tw
o them

es is 
the goal of this com

m
entary paper. In approaching this aim

, 
w

e focus on the papers accepted or published as part of the 
H

ydrological Sciences Journal’s V
irtual Special Issue A

dvancing 
Socio-hydrology. W

e probed the special issue papers to exam
-

ine recent trends w
ith respect to these tw

o key them
es. 

A
lthough still few

 in num
ber, w

e observe m
ore serious 

attem
pts to capture m

ultiple levels of social system
s and to 

com
bine m

ethods from
 both the hydrological and social 

sciences to develop a m
ultifaceted understanding of hum

an– 
w

ater system
s. This special issue accepted subm

ission of 
papers concerning an interdisciplinary approach to socio- 
hydrology over 2019–2022. These papers, therefore, provide 
a glim

pse into the latest developm
ents regarding our interest.

This com
m

entary proceeds as follow
s. In Section 2, w

e 
discuss hum

an organization as an independent scale of analy -
sis for studying socio-hydrological phenom

ena, different orga-
nizational levels that social units can occupy, and the 
im

plications for capturing the m
ulti-level nature of hum

an 
agency. W

e then go over how
 recently published papers in 

the V
irtual Special Issue dealt w

ith this aspect. In Section 3, w
e 

describe key aspects that can be used to guide an interdisci -
plinary m

ulti-m
ethod approach to socio-hydrology research. 

This is follow
ed by a discussion of trends observed in the 

special issue papers regarding the use of interdisciplinary 
m

ethods. Lastly, w
e provide a synthesis and a w

ay forw
ard 

regarding how
 to achieve m

ethodological and disciplinary 
cross-fertilization for theory developm

ent in socio-hydrology.

Capturing hum
an agency: space, tim

e, and hum
an 

organization

Socio-hydrological phenom
ena often involve physical and 

social processes that play out across m
ultiple scales and levels 

in w
ays that are not obvious. In this section, w

e discuss w
hy 

one should consider these processes not only at different 
spatial and tim

e scales but also at another scale related to 
hum

an agency to better understand such phenom
ena. A

lso, 
as w

e shall show
 in the third section, it is im

portant to know
 

w
hat scales and levels are relevant for the focal variables and 

theories because they can influence the choice of m
ethods for 

interdisciplinary research.
Follow

ing G
ibson et al. (2000) and C

ash et al. (2006), w
e 

use the term
 “scale” to m

ean a spatial, tem
poral, or any other 

analytical dim
ension that can be used to study a phenom

enon 
and the term

 “level” to m
ean the units of analysis at different 

gradients of specificity on a scale (e.g. m
onthly and decadal 

levels in the tim
e dim

ension). Figure 1 illustrates som
e of the 

scales and levels relevant for understanding hum
an–w

ater 
interactions. H

ow
ever, in contrast to the spatial and tem

poral 

1906
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scales (which are well known and widely explored), a charac-
teristic scale of human social systems – namely, the spectrum 
of human organizational complexity (the rightmost vertical 
line in Fig. 1) – is often ignored or abstracted away in studies 
of coupled human–water systems (Pande and Ertsen 2014). 
Just like time and space, the spectrum of organizational com-
plexity is an analytical dimension that can be used to study a 
phenomenon. Varying levels of human organizations – from 
small social groups (e.g. households, neighbourhood associa-
tions, etc.) to local water utilities and government and federal 
agencies and government – represent different units of analysis 
within the human organizational scale. Although there is a 
strong correlation between the spatial and human organiza-
tional scales, they are not identical. For example, the spatial 
extents of the European Union and Antarctica are large and 
comparable, but the latter is much smaller in terms of social 
complexity. In fact, certain sub-fields of research in the social 
sciences, such as polycentric governance (Ostrom 2010) and 
cultural multi-level selection (Waring et al. 2015), consider the 
human organizational scale to be so important that their focus 
of analysis is centred around how interactions within and 
around different levels of social systems shape policy outcomes 
and cultural change.

It is crucial to realize that human decisions on water can 
occur at different levels within the nested structure of human 
social systems and that these level-dependent decisions can be 
interlinked to shape human agency, e.g. household-level water 
conservation decisions can affect and be affected by the deci-
sions made at the levels of local and federal governments and 
water utilities. Consider, for example, the phenomenon of the 
levee effect (White 1942, Montz and Tobin 2008, Di 
Baldassarre et al. 2013), which has been the subject of multiple 
socio-hydrology studies (Fig. 2). This phenomenon involves 
multiple levels and scales of the relevant physical and social 
processes, including different levels of human organizations. 
Inclusion or exclusion of this nature may make a difference in 
explaining why the levee effect occurs in one setting and not in 
others. Here we cast the three scales introduced in Fig. 1 
(spatial, time, and human organizational) onto four variables: 
flood vulnerability of social units along the spatial scale, flood 
vulnerability of social units along the time scale, human agency 
and flood memory along the human organizational scale, and 
assets or capacity for response along the spatial scale (Fig. 2). 
Suppose that frequent flooding negatively affects a local city 
and people, e.g. the system’s vulnerability is manifested at the 
levels of local landscape and seasonal or inter-annual timing 

Globe

Region/
watershed

Local landscape/
hillslope

Patch

Decadal

Annual

Seasonal

Daily

(Rates, durations, and frequencies)

Fast/short

Slow/long

Regional agencies

Localities

Small social groups

Household

(e.g., ethnic or neighborhood groups)

International agencies

(Administration, social & policy networks)

national agencies

Levels

Spatial Scale Time Scale Human Organizational Scale

Figure 1. Schematic illustration of different scales and levels that are relevant for understanding human–water interactions.

Vulnerability Vulnerability Human agency &
flood memory

Assets or capacity
for flood response

Globe

Region/
watershed

Local landscape/
hillslope

Patch

Decadal

Annual

Daily

Seasonal

Globe

Region/
watershed

Local landscape/
hillslope

Patch

1 2

3A

4
5

3B

3C

Regional agencies

Localities

Small social groups

Household

(e.g., ethnic or neighborhood groups)

International agencies

national agencies

Spatial Scale Time Scale Human Organizational Scale Spatial Scale
Figure 2. Schematic illustration of human–flood interactions across scales and levels leading to the levee effect with multiple levels of human agency. Here we cast the 
three scales introduced in Fig. 1 (spatial, time, and human organization) onto four variables: flood vulnerability of social units along the spatial scale, flood vulnerability 
of social units along the time scale, human agency and flood memory along the human organizational scale, and assets or capacity for response along the spatial scale.
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(arrow
s 1 and 2 in Fig. 2). H

ow
 w

ould the city and its society 
respond to this short-term

, localized vulnerability? Perhaps 
one should consider that the preferred decision and flood 
m

em
ory of social units can vary at different hum

an organiza -
tional levels. C

om
petitive or cooperative interactions across 

different levels of social groups can influence outcom
es 

(arrow
s 3A

). O
ne possibility is that the com

m
unity and its 

local governm
ent organize actions to further raise the levees. 

But a federal agency and neighbouring com
m

unities m
ight 

oppose that decision because of the transference of the risk 
elsew

here. Interventions and pow
er dynam

ics across these 
m

ultiple levels of hum
an decision m

aking can ultim
ately 

shape w
hich trajectory is follow

ed by the affected com
m

unity 
– technological society (arrow

 3B) vs. green society (arrow
 3C

).
If the path of green society is chosen, the assets and capacity 

for flood response w
ould be m

ore decentralized and distribu-
ted at the patch level. If the path of technology society is 
follow

ed, the city’s assets and capacity for flood response 
becom

e m
ore centralized and capital-intensive at the regional 

or w
atershed level in space. The resulting stability and the 

absence of flooding over a long tim
e horizon lead to a gradual 

decay 
of 

societal 
flood 

m
em

ory 
and 

coping 
capacity. 

Population density and econom
ic activities increase in the 

floodplain, 
possibly 

attracting 
m

anufacturing 
industries 

w
hose goods and services serve areas beyond the city. The 

end result is an increase in the vulnerability to a rarer flood 
event in the long run (arrow

 4). It also spatially expands 
vulnerability because m

ost cities are tele-connected through 
global m

arket system
s (arrow

 5). Furtherm
ore, it is crucial to 

note that outcom
es of such m

ulti-level dynam
ics can be sensi -

tive to underlying biophysical or social contexts because of 
hum

an agency. A
bstracting these nuances into a single con -

struct m
ay oversim

plify im
portant social processes that shape 

future social responses. To get at this com
plexity, one should 

consider not only these processes at different spatial and tim
e 

scales but also the m
ulti-level nature of social system

s and 
hum

an agency.
H

ow
ever, the lack of consideration of the hum

an organiza-
tional scale has been a key shortcom

ing of m
any socio-hydrol-

ogy studies. Below
, w

e probe how
 the studies in the current 

special issue have dealt w
ith or im

proved upon earlier under -
standing in this regard.

M
ulti-level analysis in disaster risk m

anagem
ent

Several papers in the special issue considered tw
o or m

ore 
levels of a scale w

ith respect to phenom
ena and processes 

being studied. A
lonso V

icario et al. (2020) developed a flood 
evacuation m

odel that includes the linkages betw
een the 

hazard, the built environm
ent, the population, and the civil 

protection m
em

bers. Their m
odel captures m

ultiple levels of 
the social system

 and interactions across these levels. For 
exam

ple, an em
ergency agency and its staff com

m
unicate to 

individuals that they are not allow
ed to cross the rivers w

hen 
flooding occurs; individuals react w

hen seeing a flood close to 
them

 and change their direction on the roads. Evacuees also 
m

ay follow
 other groups of people that are evacuating ahead of 

them
. V

anelli and K
obiyam

a (2021) argued that socio-hydrol -
ogy should incorporate disaster risk m

anagem
ent. They also 

observed that although the river basin is an appropriate level of 
analysis for m

any hydrological studies, it is not necessarily 
ideal for socio-hydrological studies. The researcher m

ust be 
cognizant of the feedback dynam

ics spiralling up and dow
n 

scales, or w
hat the authors referred to as the “glocal” scale, to 

overcom
e the global–local dichotom

y. W
ith the focus on the 

bidirectional feedback betw
een w

ater system
s and society, 

socio-hydrology has m
uch to contribute to disaster risk 

reduction.

M
ulti-level analysis in w

ater policy and planning

A
 critical elem

ent in the chain of hum
an–w

ater interac-
tions is public policym

aking and planning, w
hereby society 

form
ulates its attem

pts for a coordinated response to 
observed 

hydrological 
phenom

ena. 
K

im
 

et 
al. 

(2021), 
O

neda and Barros (2021), Philip (2021), and Luan et al. 
(2022) look at this role of planning and policym

aking. K
im

 
et al. (2021) review

 the historical trajectories in policym
ak-

ing over tim
e, observing how

 w
ater quality and pollution 

m
anagem

ent policies evolved in the past decades, com
par -

ing experiences in the state of O
regon, U

SA
, w

ith those in 
South K

orea. In doing so, they observe, for instance, how
 

the early success w
ith point-source pollution control trig -

gered the policies to evolve into attem
pts to address the 

m
ore “w

icked” problem
 of non-point source m

anagem
ent 

and, eventually, also beyond conventional pollutants. In 
their analysis, they pay attention to the m

ulti-level nature 
of w

ater quality policies, betw
een federal, state, and local 

agencies in the U
SA

, and through a m
ore centralized poli -

tical system
 for w

ater quality m
anagem

ent in South K
orea.

Luan et al. (2022) investigate w
hether bidirectional feed-

backs can be anticipated in planning, including the societal 
acceptance and im

plem
entation of policy interventions aim

ed 
at the w

ater system
. This also involves the question of m

ulti- 
level governance, w

ith national or regional plans and their 
expected uptake by local-level actors. The core focus of the 
study, though, is on four local com

m
unities w

ithin one of the 
provinces in the V

ietnam
ese M

ekong D
elta. Even at this m

ore 
local level, results show

 the differences across districts, and 
their im

plications for provincial-level planning.
Philip (2021) centres a very specific policy indicator in her 

research, the SD
G

11.3.1 (sustainable developm
ent goals) ratio 

of land consum
ption rate to population grow

th rate, and its 
im

plications for storm
w

ater m
anagem

ent for projected clim
ate 

change in the city of H
am

ilton, C
anada. The observed values 

and trends in this indicator are then linked to present land-use 
planning tools and future developm

ents. This provides an 
interesting exam

ple of how
 a global policy effort and indicators 

such as the SD
G

s, com
bined w

ith relevant national-, state-, 
and/or provincial-level actions and policies, transpire at local 
city levels to track and inform

 w
ater m

anagem
ent efforts and 

their effectiveness. O
neda and Barros (2021) analyse and com

-
pare storm

w
ater m

anagem
ent m

aster plans in developed and 
developing cities, for tw

o cities in Brazil and one city in 
Portugal. In term

s of the interactions, the focus is m
ostly on 

analysing the social system
 response to w

ater system
 dynam

ics 
and challenges. The urban-level analysis is contextualized 
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w
ithin 

the 
larger 

hydrological 
system

s 
and 

the 
higher 

(national-) level legislation and planning system
s, but the 

focus is clearly on the city as the m
ain level of analysis.

G
arcia and Islam

 (2021) developed a w
ater supply planning 

m
odel that links the evolution of dem

and to w
ater availability 

and w
ater stress through the concept of w

ater salience. In this 
m

odel, w
ater supply and associated infrastructure is at the 

regional/county level w
hile dem

and m
anagem

ent is at the 
city level. The case study is Las V

egas V
alley W

ater D
istrict, 

the w
ater distributor. H

aeffner et al. (2021) argued that socio- 
hydrology should incorporate a representation justice focus 
that includes an understanding of how

 pow
er and politics 

shape the interaction betw
een hum

ans and w
ater in coupled 

system
s and the com

position of the w
ater sector. They analyse 

interactions betw
een em

ployees and local w
ater agencies over 

individual careers in the U
S.

M
ulti-level analysis of agricultural hum

an–w
ater system

s

K
halifa et al. (2020) adopted an integrated approach that uses 

m
ultiple sources of data to analyse the sorghum

 productivity 
gap, its tem

poral and spatial variation and the socio-hydro -
logical determ

inants affecting the sorghum
 yield in the 

schem
e. The key findings provide useful insights into potential 

pathw
ays for sustainable irrigation in the G

ezira Schem
e and 

other irrigation schem
es that are facing sim

ilar challenges. 
This study crossed several levels: w

ater users at the individual 
level (sm

allholder farm
ers) and the group/com

m
unity level, or 

a lum
ped variable at a population level ranging from

 com
m

u-
nity/city to region; w

ater m
anagem

ent at the schem
e scale; and 

irrigation system
s in large irrigated schem

es.
Ross and C

hang (2021) developed a system
 dynam

ics 
m

odel (SD
M

) of a w
atershed-dependent socio-hydrological 

system
 to im

prove resilience and adaptive capacity to clim
ate 

hazards. The SD
M

 developed for the H
ood River Basin (U

SA
) 

com
prised an upper-clim

ate section that includes snow
m

elt, a 
m

iddle section that includes glacial m
eltw

ater and precipita-
tion runoff, and a low

er-level section that includes irrigation 
w

ithdraw
als and stream

flow
. The SD

M
 suggests that clim

ate 
change leads to a decline in available irrigation w

ater in the late 
sum

m
er. A

 cross-level perspective w
as included by assessing 

collaborative w
ater m

anagem
ent strategies am

ong irrigators to 
respond to clim

ate change’s influence on stream
flow

.
G

horeishi et al. (2021) developed an agricultural w
ater 

dem
and m

odel that included linkages betw
een individual 

farm
ers, 

socio-econom
ic 

factors, 
and 

agricultural 
w

ater 
dem

and. Their m
odel captured m

ultiple levels of a social 
system

, and interactions across the levels. For exam
ple, a farm

-
er’s decision about irrigation m

ethod, changing crops, and 
irrigation area w

as affected by other farm
ers’ decisions and 

governm
ent subsidies; the individual’s decision in turn influ-

enced neighbours’ decisions through a social netw
ork. C

arr et 
al. (2021) developed a socio-hydrological m

odel that included 
linkages betw

een the capacity of local organizations, land use, 
agricultural practices, and w

ater quality. The m
odel involved 

cross-level interactions betw
een farm

ers and local-level w
ater 

com
m

ittees. For exam
ple, farm

ers could change their land use 

and m
anagem

ent practices depending on the support given by 
the local w

ater com
m

ittees and the regulation from
 the local 

W
ater Police.
Laurita et al. (2021) investigated conflictual w

ater allocation 
betw

een w
ater users (farm

ers and local com
m

unities), w
hich 

resulted in ecosystem
 services trade-off betw

een productive 
services (agriculture) and provision and cultural services (bio -
diversity 

conservation, 
tourism

, 
urban 

w
ater 

supply). 
Interactions involved local farm

ers and com
m

unities directly 
and the C

onfederacion H
idrografica del D

uero as a regulator. 
Farm

ers’ satisfaction w
as linked to their ability to extract w

ater 
for irrigation, and local com

m
unities’ w

ell-being w
as linked to 

the w
ell-being of the river from

 w
hich w

ater is diverted and 
used for irrigation.

M
ulti-scale analysis

A
 sm

aller set of studies in the special issue explicitly consid-
ered tw

o or m
ore scales in their analyses. H

ossain and M
ertig 

(2020) exam
ine how

 cross-national relationships and global 
position structure internal,= or dom

estic w
ater footprints in 

174 countries from
 1996 to 2005. C

ross-scale interactions are 
im

plicitly investigated through the assessm
ent of w

orld-system
 

position on w
ater consum

ption levels. They find that m
ore 

developed, advanced countries are able to exploit w
ater 

resources across the w
orld through virtual w

ater trade. Less 
developed or underdeveloped countries are thus disproportio -
nately bearing the social and ecological consequences of global 
w

ater stress, as the global w
ater crisis is externalized from

 
developed to less developed countries. Tam

burino et al. 
(2020) develop an agent-based m

odel that sim
ulates a sm

all-
holder farm

ing system
. The m

odel is calibrated for the Low
er 

M
ississippi River Basin and considers corn grow

n throughout 
the A

pril–June grow
ing season. They are able to understand 

the co-evolving relationship betw
een clim

ate, w
ater, and 

hum
an attitudes over varying tim

e scales. C
rop yield, net 

econom
ic gain, and groundw

ater table depth evolve over 
tim

e depending on changing clim
ate conditions and farm

ers’ 
attitudes.

A
chieving an interdisciplinary m

ulti-m
ethod research

Socio-hydrology research endeavours depend on the use of 
diverse perspectives and m

ethods from
 both the physical 

and social sciences (D
i Baldassarre et al. 2021). In an ideal 

w
orld, researchers can teach them

selves m
ultiple relevant 

m
ethods and theories and apply them

 as deem
ed necessary. 

In reality, how
ever, gaining specialization in any given 

research m
ethod or theory is tim

e consum
ing and requires 

significant investm
ent (Poteete et al. 2010). This challenge 

is 
even 

greater 
w

hen 
a 

serious 
cross-fertilization 

is 
attem

pted across dissim
ilar dom

ains of science, i.e. hydrol -
ogists attem

pting to use the tools and concepts used by 
social scientists and vice versa. This m

eans that a m
ore 

probable path to socio-hydrology research is bringing in 
people w

ith different toolkits and theoretical backgrounds 
to w

ork together. H
erein lies the value of an interdisciplin -

ary m
ulti-m

ethod approach: it can help hydrological and 
social scientists to be savvy about the language and basics 
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of each other’s methods. It can help them to be more aware 
of a variety of forms that a multi-method approach can 
take, the strengths and limits of such forms, and the degree 
to which different methods in the natural and social 
sciences are actually complementary. The need for inter-
disciplinary methods is also highlighted by several papers 
in the special issue (Ross and Chang 2020, Wine 2020, 
Bertassello et al. 2021, Hayashi et al. 2021, Thaler 2021).

However, it is not obvious to many how to structure an 
interdisciplinary multi-method approach for effective socio- 
hydrological research. The challenge lies not in attempting a 
laundry list of different methods, but in how to judiciously 
combine different methods in such a way that the methods are 
compatible with focal variables and theories and that the 
results and insights from one method help to inform and 
revisit those from other methods (e.g. Poteete et al. 2010). 
Although there is no straightforward answer, we suggest that 
there are two key aspects important to guiding one’s thinking 
on how to organize interdisciplinary research.

The first aspect is knowing what scales and levels are rele-
vant for the focal variables and theories under consideration. 
This is because the scales and levels involved with the focal 
variables and theories can influence which methods are more 
fitting than others. For example, if an analyst is interested in 
developing a system-level understanding using theories like 
dynamical systems theory and complex adaptive systems 
thinking, methods such as system dynamics and agent-based 
modelling are more appropriate than others (Enteshari et al.  
2020, Pouladi et al. 2020, Aghaie et al. 2021). Geographic 
information system (GIS), remote sensing, and archival ana-
lyses are necessary for analyses that cover larger spatial and 
time scales (Lopez-Alvarez et al. 2020, Dau and Adeloye 2021, 
Gaur et al. 2021).

Regarding human agency, hypotheses about human deci-
sion making at the level of individuals and small groups can 
benefit from standard data collection methods (e.g. surveys, 
interviews), high-resolution behavioural studies (e.g. beha-
vioural experiments) and innovative human-driven observa-
tional data analytics supported by artificial intelligence, digital 

technologies and online communities (e.g. social network data 
mining, remote sensing and image processing). These methods 
can produce behavioural-level insights on human decisions 
and preferences. Hypotheses about human agency at larger 
organizational scales require analytical methods such as big 
data analysis, case studies, and comparative analysis. The 
increased interest and extent of citizen science and participa-
tory approaches are demonstrating the scientific value of com-
munity engagement enlarging the quantity and diversity of 
observation’s spatial and temporal scale (Etheridge et al.  
2020, Torso et al. 2020, De Filippo et al. 2021, Souza et al.  
2021).

The second aspect is knowing that the starting point of 
many socio-hydrology research endeavours is identifying a 
socio-hydrological phenomenon and potential explanatory 
hypotheses and that it is almost impossible to do true experi-
ments with coupled human–water systems to establish causal 
inference (i.e. experimentally testing whether a factor X causes 
a phenomenon Y). Because of this nature, we think there is a 
recurring methodological pattern in interdisciplinary 
approaches to studying socio-hydrology (Fig. 3). It begins 
with the identification of an emergent phenomenon, with 
rich details and associated key hypotheses based on a case 
study or comparative analysis of multiple case studies (link 1 
in Fig. 3) (e.g. Fornés et al. 2021). These case studies are, of 
course, based on and informed by various data (link 2) col-
lected by diverse methods (e.g. Medeiros and Sivapalan 2020, 
Palop-Donat et al. 2020, Frota et al. 2021, Nardi et al. 2021, 
Souza et al. 2021).

The observed phenomenon and potential explanatory 
hypotheses are then tested using either computational experi-
ments or controlled experiments (links 3 and 6). Because it is 
difficult to do true experiments with real coupled human– 
water systems, computational and controlled experiments 
that capture the essential features of real systems are fitting 
methodological choices. System dynamics and agent-based 
models are often constructed for computational experiments 
(e.g. Lyu et al. 2020, Ridolfi et al. 2020, Homayounfar and 
Muneepeerakul 2021, Viola et al. 2021). These model systems 

Case Studies &
Comparative Analyses

Controlled
Experiments

Phenomena &
Hypotheses

Data

Computational
Experiments

• Hydrological data
(e.g., patterns in climate, streamflow,
water quality, etc.)
• GIS and remote sensing
• Stated and revealed social data
(e.g., interviews, focus groups, surveys,
ethnographic observation,
participatory exercises, regional or
national socio-economic stats, etc.)
• Archived document analysis
(e.g., newspapers, policy documents,
etc.)
• Network analysis of social &
policy actors
• Citizen science-based data

• Physical experiments
• Natural & quasi-natural
experiments
• Survey experiments
• Controlled behavioral
experiments

• System dynamics
• Agent-basedmodeling
• Hydrological modeling

2 (inform) 1 (identify)

6 (motivate)
3 (motivate)

8 (calibrate)

4 (calibrate & validate)

5 (revisit)

7 (revisit)

Figure 3. A methodological pattern in interdisciplinary approaches to studying socio-hydrology. GIS: geographic information system.
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are sim
ulated to see w

hether the qualitative behaviour of the 
m

odel system
s is consistent w

ith the observed phenom
ena. If 

the target pattern is replicated, then the proposed hypotheses 
are taken as possible explanations of the observed phenom

ena 
until they are falsified (Pande and Sivapalan 2017). V

arious 
social and environm

ental data can be also used to calibrate and 
validate (link 4) these m

odels. The results and insights 
obtained from

 such m
odels can be also used to revisit the 

case studies (link 5). M
eanw

hile, controlled experim
ents that 

capture the essence of a focal socio-hydrological phenom
enon 

can be conducted to test the identified hypotheses (link 6). For 
exam

ple, physical hydrologic experim
ents can be used for 

hypotheses related to physical w
ater process. If the hypotheses 

concern hum
an behaviour and social dynam

ics, controlled 
behavioural experim

ents and survey experim
ents can be con -

ducted using hum
an subjects to test hypotheses on how

 indi-
viduals m

ake decisions under different conditions (e.g. M
cK

ee 
et al. 2020). The added benefit of such experim

ental studies is 
that the resulting data can also be used to revisit the initial case 
studies (link 7) and em

pirically ground or calibrate (link 8) the 
assum

ptions used in the system
s m

odels.
The m

ethods and their linkages discussed above show
 the 

phenom
ena-driven nature of socio-hydrology research and 

how
 the scales and levels involved w

ith the focal variables 
and theories can shape m

ethodological design. Below
, w

e 
organize the special issue papers in term

s of diverse m
ethodo -

logical com
binations.

M
ultiple-source approaches

K
im

 et al. (2021) use a sem
i-structured narrative approach to 

describe policy developm
ent pathw

ays. They distinguish three 
m

ain historical stages that are described in term
s of key policy 

features (legal aspects, governm
ent agencies, resources, civic 

actors). Inform
ation w

as obtained from
 docum

ent analysis (of 
policy docum

ents, law
s and journal articles), com

plem
ented 

w
ith data on specific variables for the w

ater system
s in online 

databases and provided by the utilities in O
regon and South 

K
orea. Philip (2021) com

bines data from
 different sources, 

including satellite im
ages, to calculate the SD

G
 11.3.1 indicator 

values for three different tim
e periods. These land-used and 

geographical analysis m
ethods then are linked, in an interpre-

tative m
anner, w

ith m
ore hydrological m

ethods to develop 
intensity–duration–frequency (ID

F) curves for storm
w

ater 
m

anagem
ent. This com

bination show
s that, although the 

ratio of land use to population grow
th develops in desired 

directions, the trends in ID
F curves nevertheless signal a 

need for future action in the city, to effectively em
ploy land- 

use planning to confront clim
ate change challenges.

Sarband et al. (2021) used m
ultiple m

ethods of com
prom

ise 
program

m
ing, fuzzy m

ethods and distributed indicators to 
evaluate localized im

pacts of w
ater allocation scenarios in 

A
ras basin, Iran. Their use of distributed instead of lum

ped 
indicators enabled better determ

ination of regional priorities 
and spatial tradeoffs of w

ater allocation scenarios. V
eloso et al. 

(2022) used the C
aram

pangue River basin in C
hile as an 

instrum
ental case study to investigate the interplay betw

een 
preparedness and psycho-social attributes of com

m
unities 

exposed to river floods. They com
bined m

ultiple research 

m
ethods and integrated a hydrological analysis of floods w

ith 
the results from

 a survey, social cartography, sem
i-structured 

non-participant observation, and sem
i-structured interview

s.

Case studies, interview
s, surveys, and spatial and 

statistical m
odelling

M
ondino et al. (2020) applied m

ultiple m
ethods in their 

study: case study, com
parative analysis, statistical analysis, 

and longitudinal survey/analysis. C
ase studies are used to 

m
otivate the analysis and questionnaire survey. They also 

com
paratively 

analysed 
the 

tw
o 

case 
com

m
unities. 

Longitudinal surveys and statistical analysis are done to 
understand over-tim

e changes in the risk perception of peo-
ple in the tw

o com
m

unities. In their case study analysis of the 
D

hidhessa R
iver Basin, T

ew
eldebrihan et al. (2020) con -

ducted a household survey in three study villages (n = 120), 
as w

ell as key inform
ant interview

s and a focus group discus-
sion. Secondary data (offi

cial statistics, including census data 
and population data) com

plem
ent the analysis. The focal 

level is the study villages in the basin. In addition, the authors 
take into account a governm

ent resettlem
ent program

m
e as a 

m
ain driver for m

igration.
K

halifa et al. (2020) used a com
bination of m

ethods 
including case study, field survey, rem

ote sensing, G
IS, sta -

tistical m
odelling and statistical analysis. C

ase study w
as used 

to analyse an agriculture schem
e. Field survey w

as used to 
understand socio-econom

ic status and field practices of 
sm

allholder farm
ers that contribute to crop yield gaps. 

Rem
ote sensing w

as used to analyse spatial and tem
poral 

variation in productivity gaps. The spatial and tem
poral var-

iations of variables such as productivity level, precipitation 
and soil properties w

ere analysed using G
IS. Statistical m

od-
elling w

as used to understand the relationship betw
een crop 

productivity, farm
ers’ field practices and farm

ers’ socio-eco -
nom

ic status, as w
ell as the relationship betw

een crop pro-
ductivity and physical variables such as w

ater availability and 
soil properties.

Participatory approaches

Torso et al. (2020) applied participatory action research (PA
R) 

and Indigenous research m
ethodologies (IRM

) in their study 
of hydrosocial system

s in Idaho, U
SA

, that are affected by 
m

ining. They apply the concept of hydrosocial territories, as 
developed by Boelens et al. (2016), to fram

e the im
pacts of 

m
ining and the politics surrounding it, and describe the judi -

cial com
plexities of the com

m
unity–university partnerships 

that w
ere developed in the study. In a reflective paper on 

how
 these m

ethods w
ere im

plem
ented, Torso et al. (2020) 

concluded that both PA
R and IRM

 led to a m
ore inclusive 

and equitable research process w
hereby sharing data in a 

reciprocal relationship betw
een the researchers and the com

-
m

unity m
em

bers w
as prioritized. This led to a better contex-

tual understanding of pow
er dim

ensions and appreciation of 
relational know

ledge paradigm
s, as w

ell as prom
otion of com

-
m

unity capacity building.
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Etheridge et al. (2020) em
ployed public participation in 

tw
o coastal com

m
unities affected by sea-level rise, hurri -

canes and flooding in N
orth C

arolina, U
SA

. Both involved 
com

m
unity-level social system

s and lake w
atershed/island 

w
ater system

s. In the first study area, the participatory 
m

apping at a public m
eeting w

as used to define the 
w

atershed boundary and determ
ine pum

p locations. In 
the second study area, citizen scientists collected data on 
groundw

ater levels and surface w
ater levels over a period of 

three m
onths. In addition, a cost com

parison betw
een 

citizen science data collection and non-involvem
ent of the 

com
m

unity w
as calculated.

Case studies and agent-based m
odelling

G
horeishi et al. (2021) com

bined an agent-based hum
an sub- 

m
odel and a lum

ped w
ater sub-m

odel. The hum
an sub-m

odel 
sim

ulated the adaptation of new
 irrigation system

s, crop pat-
terns, and area to be irrigated based on interactions and coe-
volution betw

een farm
ers’ decisions. The w

ater sub-m
odel 

calculated agricultural w
ater dem

and using the Food and 
A

griculture O
rganization (FA

O
) Penm

an-M
onteith m

ethod. 
M

ultiple m
ethods w

ere used to represent and highlight the 
stochastic (agent-based m

odelling) and determ
inistic (lum

ped 
hydrological m

odelling) nature of social and hydrological sys-
tem

s, and could, in turn, capture the heterogeneity of farm
ers’ 

decision m
aking in their com

m
unities, as w

ell as dem
onstrate 

its im
pact on agricultural w

ater use.
A

lonso V
icario et al. (2020) com

bined G
IS, hydraulic m

od-
elling, agent-based m

odelling, behavioural theories and expert 
judgem

ent. In the G
IS and hydraulic m

odelling, and in part of 
the agent-based m

odel, local-level w
ater-related variables are 

m
odelled. In another part of the agent-based m

odel, indivi -
dual-level variables are represented. M

ultiple m
ethods are used 

because this w
as required to obtain precise flood m

aps 
(hydraulic m

odel) that w
ere afterw

ards com
bined w

ith social 
com

ponents to test flood evacuation strategies (agent-based 
m

odelling). M
ichaelis et al. (2020) developed and im

plem
en -

ted an agent-based m
odel of hum

an–flood interactions. They 
focused on the dynam

ic role of individual and governm
ental 

decision m
aking on flood-risk m

anagem
ent. A

 case study of 
the Po River (Italy) is used to illustrate potentials and lim

ita-
tions of the m

odel.

Case studies, interview
s, and dynam

ical system
s 

m
odelling

Buarque et al. (2020) analysed hum
an–flood interactions in the 

city of Sao C
arlos (Brazil) by com

bining observations w
ith 

system
 dynam

ic m
odelling. N

eupane et al. (2021) explored 
the potential im

pact of land-use change on flooding in 
C

olum
bia, South C

arolina, U
SA

, using a hydrological m
odel. 

C
arr et al. (2021) com

bined a case study, interview
s, literature 

analysis, and socio-hydrological m
odelling. The case study and 

interview
s w

ere included to gain a fuller understanding of 
w

ater quality and w
ater quality m

anagem
ent responses. 

Bringing together inform
ation from

 the literature w
as essential 

to bridge the gaps in data from
 the case study. Socio- 

hydrological m
odelling w

as chosen to develop a sem
i-quanti-

tative “cause and effect m
odel,” that could show

 how
 the 

system
 could respond to increases or reductions in support, 

resources, and capacity. The collection of m
ethods w

as critical 
for developing a m

ore com
plete understanding of the system

 
being studied.

Laurita et al. (2021) conducted a case study based on stake-
holder analysis, hydrological m

odelling, and ecosystem
 ser-

vices quantification. A
 stakeholder analysis w

as perform
ed 

using sem
i-structured interview

s and an actor-linkage m
atrix 

in order to identify the m
ain actors involved in the recharge 

project and to define the dynam
ics that relate to them

. 
H

ydrological m
odelling w

as perform
ed to calculate the local- 

level w
ater balance, and a service provision index w

as used to 
quantify local ecosystem

 services. M
ultiple m

ethods helped in 
analysing a local w

ater allocation problem
 by com

bining social 
and hydrological inputs, w

hile accounting for ecosystem
 

services.

Synthesis and a w
ay forw

ard

This com
m

entary is m
otivated by tw

o them
atic questions that 

present both a challenge and an opportunity for the field of 
socio-hydrology. H

ow
 can one represent and study m

ultiple 
levels of hum

an agency and decision m
aking that often under-

lie hum
an–w

ater interactions? H
ow

 can one do interdisciplin-
ary research that com

bines m
ultiple different m

ethods from
 

the hydrological and social sciences? Based on the H
ydrological 

Sciences Journal V
irtual Special Issue A

dvancing Socio-hydrol -
ogy, w

e probed these tw
o them

es and generated tentative 
insights. W

e highlighted that, although the spatial and tem
-

poral scales are w
ell appreciated by the hydrological sciences 

com
m

unity, the sam
e cannot be said about the hum

an orga-
nizational scale and how

 social processes along this dim
ension 

influence outcom
es. W

e argued that the spectrum
 of hum

an 
organizations should be treated as another key analytical 
dim

ension and that consideration of this dim
ension m

ight 
hold clues to explaining w

hy a socio-hydrological phenom
-

enon occurs in one context but not in others. W
e also high-

lighted that, because of the com
plexity inherent in such 

system
s, m

ultiple disciplinary view
s and m

ethods from
 the 

hydrological and social sciences are likely to be needed to 
develop understanding. To help guide one’s thinking on how

 
to organize such interdisciplinary research, w

e sketched a core 
structure in the interdisciplinary approaches to studying socio- 
hydrology.

In addition, w
e outlined the special issue papers in term

s of 
scales and levels of analyses and use of m

ultiple m
ethods. O

ur 
sum

m
ary show

s that a sizable portion of the special issue 
papers em

ployed different concepts and m
ethods from

 other 
scientific disciplines – social sciences in particular. W

e also see 
applications of tw

o or m
ore m

ethods or consideration of cross- 
level processes in som

e studies (although those concerning the 
hum

an organizational scale are still rare). This suggests that 
socio-hydrology as a com

m
unity research program

m
e is on 

the right track in term
s of em

bracing interdisciplinarity for 
studying coupled hum

an–w
ater system

s. It also im
plies that 

socio-hydrology is currently undergoing a long arduous 
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process of building scientific consensus. As indicated by his-
torian of science Naomi Oreskes (2004), “scientific consensus” 
about a frontier subject develops over a long time horizon (e.g. 
30–40 years) as many scholars produce varying results using 
different ideas, data, and methods. Although confusion can 
occur initially, a consensus may emerge over time as data 
become better and findings become more concordant. The 
breadth and variation in the ideas and methods used in the 
special issue papers can be viewed as natural manifestations of 
this long process of building a consensus.

As a synthesis and a way forward, we now take a broader 
perspective to discuss how disciplinary and methodological 
cross-fertilization can occur for theory development in socio- 
hydrology. In the closely related field of social-ecological sys-
tems research, benefits and examples of such cross-fertilization 
have been demonstrated (Janssen and Anderies 2013). 
Scholars from different disciplines using different methods 
have all contributed to advancing knowledge of complex 
social-ecological systems that might have been unattainable 
otherwise (Poteete et al. 2010). In particular, as illustrated by 
Fig. 4, such cross-fertilization generally occurs in two ways 
through studies conducted at different levels of analysis in the 
space, time, or human organizational scales – sequential and 
parallel modes (Poteete et al. 2010). We suggest that these two 
modes of cross-fertilization are also highly relevant to socio- 
hydrology and can inform the community research pro-
gramme of socio-hydrology on how the works of diverse 
groups can collectively lead to theory advancement.

In the sequential mode of cross-fertilization, findings from 
one method or discipline are revisited from another methodo-
logical or disciplinary perspective for new clues and synthetic 
ideas (Fig. 4(a)). This connection usually occurs across two or 
more independent research programmes over time. The ratio-
nale is that, while findings from one method can be difficult to 
explain or treated as anomalies given the theory of the time, 
they can be confirmed using another method or better 
explained by applying different research views at a later time. 
A fitting example of the sequential mode of cross-fertilization 
in the context of socio-hydrology is the body of knowledge on 
the levee effect or the safe-development paradox (White 1942, 
Montz and Tobin 2008). Case studies and comparative analysis 

of small-N cases led scholars to posit that the non-occurrence 
of flood events through structural measures is often associated 
with amplified long-term vulnerability to flooding in the long 
run (Burton and Cutter 2008, Ludy and Kondolf 2012, 
Bohensky and Leitch 2014, Di Baldassarre et al. 2015). The 
key contribution of these local-level studies is identifying that 
this observation may not be an anomaly but rather a recurring, 
system-level pattern. Subsequently, their insights motivated 
early socio-hydrology studies that constructed and analysed 
system-level models at higher levels of spatial and time scales 
to uncover underlying mechanisms responsible for the phe-
nomenon (Di Baldassarre et al. 2013, Viglione et al. 2014). A 
key model construct employed in these studies to represent 
human agency and to connect human and water system is a 
single societal-level memory of floods. The resulting system- 
level insights catalysed further modelling studies that infused 
different disciplinary perspectives and modelling approaches, 
including a replicator equation capturing informal social 
norms and collective action around shared public infrastruc-
ture (Yu et al. 2017) and agent-based models that capture the 
aspects of institutional arrangements and government roles 
(Abebe et al. 2019, Haer et al. 2020). Meanwhile, place-based 
and historical studies emerged to place the concept of social 
memory and the levee effect on a firmer theoretical foundation 
(Leong 2018, Fanta et al. 2019, Mondino et al. 2020). These 
studies conducted longitudinal surveys, historical document 
analysis, or interviews and content analysis to generate empiri-
cal insights. New, emerging methods are also used to develop 
insights at higher levels of the spatial or time scales that were 
unattainable using conventional methods. For example, one 
study analysed satellite night-time images to examine the rela-
tionship between human proximity to rivers and the occur-
rence of flood events (Mård et al. 2018). As can be seen, 
findings from one method or discipline regarding the levee 
effect phenomenon were sequentially taken up by other studies 
that used different methods or disciplinary views to further the 
knowledge of the phenomenon.

In the parallel mode of cross-fertilization, a single research 
programme is planned from the beginning to combine com-
plementary methods and to bring together scholars with 

Time

Level of
analysis

Method A,
Theory X

Method B,
Theory Y

Method C,
Theory Z

Research
Program 1

Research
Program 2

Research
Program 3

cross fertilizes with

Time

Level of
analysis

Method A,
Theory X

Method B,
Theory Y

Method C,
Theory Z

Research
Program 1

cross fertilizes with

(a) (b)

Figure 4. Two ways of methodological and disciplinary cross-fertilization for theory development. In the sequential mode (a), findings from one method or discipline 
used in a research programme are taken up by subsequent research programmes for cross-fertilization. In the parallel mode (b), a single research programme combines 
multiple methods and disciplinary ideas in an integrative way from the beginning for cross-fertilization.
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different disciplinary and methodological backgrounds (Fig. 4 
(b)). The advantage of this parallel approach is that methodo-
logical and disciplinary cross-fertilization opportunities can be 
thought out from the early research design stages and con-
trolled throughout the project. An example of this mode of 
cross-fertilization is, perhaps, a National Science Foundation- 
sponsored research project (award number: 1913665) that two 
of the authors of this commentary participate in. This project 
aims to understand how actors across all levels of decision 
making in a complex watershed system, from reservoir opera-
tors to floodplain residents, make decisions in response to 
increasing hydrological extremes and quicker shifts between 
wet and dry periods. Its focus is on understanding how such 
multiple levels of decision making may lead to cognitive biases 
or systematic errors in judgement in terms of water-supply and 
flood-control decisions. Due to the interdisciplinary nature of 
the research, this project incorporated multiple methods and 
disciplinary views from both the social and hydrological 
sciences and brought together hydrologists, political scientists, 
and systems scientists under a single research programme. It is 
designed to combine a top-down hydrological model and a 
generic stylized model of reservoir operation to systemically 
investigate the feedback system of public infrastructure provi-
ders, resource users, and the dynamics of water scarcity in a 
stylized catchment. In parallel, theories and approaches of 
political economic analysis are applied to understand how 
governing rules and informal norms shape the decision mak-
ing of actors situated at multiple levels of decision making in a 
complex watershed system. Following a political economic 
analysis framework (Ostrom 2011, Siddiki et al. 2019), water 
resources-related policy and planning documents of a study 
area are analysed, in conjunction with interviews with stake-
holders, to extract knowledge on how water infrastructure and 
various social actors situated at different levels of social sys-
tems are interlinked via management rules or protocols of 
action (e.g. Olivier 2019).

Finally, a caveat should be mentioned: a multi-method 
approach is not a panacea for studying all coupled human– 
water systems in all cases. Combining multiple methods does 
not guarantee methodologically better research, and the prac-
tical challenges associated with the approach can be substantial 
and should not be underestimated. Indeed, there can be a 
number of challenges (Poteete et al. 2010). For example, it 
can be infeasible to combine certain methods because relevant 
data may be simply unavailable. Even if data become available, 
it can still be difficult to apply an interdisciplinary multi- 
method approach because considerable effort is needed up 
front to build competency in using and combining different 
methods. Thus, a more likely path is to bring in people with 
different toolkits and theoretical backgrounds to work 
together. Also, certain methods can be incompatible because 
of significant differences in sample data or underlying assump-
tions. Care is needed when matching methods for complemen-
tarity. For example, ethnographic studies or qualitative 
fieldwork and social media-based big data analysis can be 
incompatible because there may be little overlap in their 
study sample populations (e.g. rural indigenous people may 
not actively use social media). Despite the practical challenges 

above, our view is that an interdisciplinary multi-method 
approach is almost a necessity if we are to achieve theory 
advancement in the study of human–water systems. We can 
attain a more multi-faceted understanding by combining mul-
tiple disciplinary perspectives and methods from both the 
natural and social sciences. Hydrologists need to be an essen-
tial part of this convergence.
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