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Rapid global changes (population growth, urbanization and frequent extreme weather conditions) have cumulatively
affected local water bodies and resulted in unfavorable hydrological, ecological, and environmental changes in the
major river systems. Particularly, communities in isolated riverine islands are heavily affected due to their poor adap-
tive capacities, which is well documented in the contemporary literature. The focal point for the vulnerability of these
people lies in the water resources (drinkingwater availability, agricultural water quality, salt-water intrusion, flooding
etc.) and the future interaction between human and water systems. This paper advocates the importance of socio-
hydrological research in the context of enhancing social adaptive capacity as well as for developing a resilient water
environment in three very large riverine islands in Asia: Fraserganj (India), Dakshin Bedkashi (Bangladesh) (both
from the Ganges-Brahaputra-Meghna Delta) and Con Dao Island (Mekong River, Vietnam). It also explores how the
nexus of human–water relations could be applied to improve adaptive measures to manage local water needs while
mitigating undesirable changes to the hydrological cycle. Socio-hydrological models as an integrated tool can be
used to quantify the feedbacks between water resources and society at multiple scales, with the aim of expediting
stakeholder participation for sustainable water resource management. The proposed idea in this study will be helpful
to sketch projections of alternatives that explicitly account for plausible and co-evolving trajectories of the socio-
hydrological system, which will yield both insights into cause–effect relationships and help stakeholders to identify
safe functioning space.
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1. Introduction

Rapid global changes in land-use/land management and increasing
water demand have transformed the hydrology of many different land-
scapes around the world, which has significantly impacted societal devel-
opment via our co-evolution with water [5]. Considering the finite
volume of freshwater resources, its sustainable management is a global
challenge [22]. Currently around one-third of world's population (about
2.4 billion people) is living in water-stressed countries, which will increase
to two-third by the year 2025 [48]. On the other hand, rapid population in-
crease, economic growth, and urbanization are putting further stress on
fresh water supplies [23]. Out of the limited existing freshwater reserve,
vier Ltd. This is an open access art
about 50% of the world population depends on groundwater to meet
their potable water demand (UNESCO, 2015). It is reported that about
1/4th of the world population has to travel (a round trip of 30 min or
more) from their premises to fetch potable water UNICEF [46].

Impacts of rapid global changes includemore frequent extremeweather
conditions, increased hydro-meteorological hazards, interruption in food
production and water supply, human morbidity and mortality, and disrup-
tion of the ways that people live and interact with their environment (IPCC,
2014, [27]). The total cost due to hydrological disasters in 2016 is esti-
mated as 59 billion USD, which represents 74% of the annual average of
the period (2006–2015) [40]. Among the damage caused by hydrological
disasters, flooding is estimated about 98.8% in 2016 [20]. Another most
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common hydro-meteorological hazard in these regions are tropical cy-
clones, storm surges, soil salinity intrusion, andflashfloods; where cyclones
appear to be the most devastating ones which causes maximum damage
(both tangible and non-tangible) [4].

Despite having a significant share (>35%) of the world's freshwater re-
sources andmany of theworld's largest river systems (e.g. the Ganges, Brah-
maputra, andMekong), water availability per capita in Asia is behind rest of
the world (WWAP, 2015 [52]). Asian countries are facing water stress for a
variety of reasons, including frequent extreme weather conditions (e.g.
drought), poor governance, socio-cultural practices [16]. Over the last
three decades, hydro-meteorological hazards and their induced health im-
pacts were responsible for approximately 3.2 million deaths in India,
Bangladesh, and Vietnam alone ([25]; Tamaddun et al., 2019 [44]; [10]).

In response to these rapid changes, rivers are exhibiting significant
changes in annual runoff as well as quality deterioration, and this water
shortage/scarcity causes a change in socio-cultural practices at local level
[1,30]. Such events have extreme effects on the communities in isolated riv-
erine islands because of their poor adaptive capacities (limited resources/
infrastructure as well as institutional setup) [42]. Globally, these riverine
islands, cater a huge population (more than 6.2 million considering only is-
land with more than 25,000 peoples) (Saikia, 2009 [38]; Sarker et al.,
2020; [39]; Statistics Canada, 2016 [43]; US Census Bureau Quick facts,
2019 [47]). Despite having plenty of water in these regions, sharp reduc-
tion in the usability of the available water became a serious problem
since the past few decades [22]. In many such cases, the focal point for
the vulnerability of these people lies in the shrinking water resources (i.e.
drinking water availability, agricultural water quality, salt-water intrusion,
flooding etc.) and the future interaction between human andwater systems
is a critical concern for sustainability.

In addition, the link betweenmental health andwater scarcity is gaining
strong attention [55]. Examining and understanding the link betweenmen-
tal health and water scarcity is very important from the human well-being
perspective. While other dimensions, particularly the physical health com-
ponent of water insecurity, are generally well-established and thoroughly
investigated, coastal salinization also corresponds to a plethora of mental
health issues that are often ignored in the policy planning process [53]. De-
spite its high importance, issues of water resource management and its re-
lation with human well-being is understudied.

Considering the above-mentioned gaps, this opinion paper has follow-
ing objectives:
1) To highlight issues related to water resources and its effect on human
wellbeing in three largest riverine islands in Asia, namely Fraserganj,
South 24 Pargana (Ganges River, India), Dakshin Bedkashi (Padma
River, Bangladesh) and Con Dao Island (Mekong River, Vietnam).

2) To provide different possible solutions for water resource management
from the lens of socio-hydrological approach. Here, this study will
sketch different scales of human interaction with the water cycle,
along with the coupling effect present between social and hydrological
systems. In addition, as an adjoined system, it will explore decisions
that influencewater as well as its users, i.e. local communities. It also ex-
plains how socio-hydrological models can be used to quantify the feed-
backs between water resources and society at multiple scales with aim
to expedite stakeholder participation for its sustainable management.
More precisely, this work advocates pathway analysis for co-designing

different adaptive countermeasures based on the socio-hydrological ap-
proach. It will explain how socio-hydrological models can be applied in
the field to manage both biophysical sciences of the water scarcity and dif-
ferent societal responses tomanage its key factors. Finally, best practices for
co-designing the effective management/adaptation strategies for water re-
source as well as harmonizing it with human well-being will be shown to
all the people/organization concern for water resources management.

2. Study area and key issues related to water resource management

The study area is composed of three riverine islands, namely Fraserganj,
South 24 Parganas and Dakshin Bedkashi from Ganges-Brahmaputra-
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Meghna (GBM) Delta and Con Dao Island (Mekong River, Vietnam), as
shown in Fig. 1. These islands cater a total population of (41,430 +
19,400+ 7000) 67830 people (Census of India, Bangladesh and Vietnam,
2015). Traditionally, the main occupation for the communities living in
these islands was agriculture, but over the last few decades the trend of ag-
riculture is decreasing because of a lack of sufficient water for irrigation as
well as salt intrusion in the soil and water (groundwater/surface water).

2.1. Fraserganj, south 24 Parganas, GBM delta, India

Das and Mukherjee (2019) mentioned that cumulative effects of major
factors like extreme weather conditions, over-exploitation and natural/an-
thropogenic contamination results in changes in hydrodynamic processes
and hence enhance groundwater-sourced drinking water vulnerability in
the Sundarbans delta-front aquifers. Frequent cyclone and stormwater
surges induce salinity ingression into the freshwater ecosystems upstream
through estuaries, creeks and inlets leading to change in physico-chemical
properties of the aqueous medium as well as the ambient media. This in-
creased salinity of water which can cause growth of harmful algal bloom
(Chattonella marina) in the inland water bodies like household ponds- fur-
ther reducing the amount of water available for their house chores [28].
Redfern et al. [37] indicate that each unit (ds/mL) rise of salinity causes
roughly 12% reduction in rice yield, the very backbone of socio-economic
sustainability in the region. Mitra et al. [29] observed deterioration of
water quality for past three decades in Sundarban area because of various
factors like climate change, anthropogenic activities etc. Dubey et al. [9],
found that because of increasing trend of groundwater salinization and
loss of agricultural productivity, many local farmers are switching their oc-
cupation to aquaculture by ponding the brackish water in their farms. Al-
though this can increase income in the short term, soil and farmland
become unsuitable for long periods in these aquaculture areas. Bhadra
et al. [3] have estimated water budget for potable water to help decision
makers to execute better policies to achieve sustainable development goal
of providing water for all in this region. They found that because of popula-
tion growth, the water demand will be increased to more than double by
year 2051 compare to that of current situation. On the other hand, water
availability will not increase hence there will be huge water deficit, hence
creating another source of water, like desalinizing shallow groundwater,
rainwater harvesting, and/or artificial recharge, are the way forward. Al-
though groundwater salinization is confined to very small geographical
areas, it causes cascading effects on agricultural output, health risk, mental
unrest, outward migration and hence overall human well-being [7]. Vari-
ous psycho-social stresses are also reported due to freshwater scarcity, in-
cluding the increasing incidence of mental disorders, social unrest etc.

2.2. Dakshin Bedkashi, Padma River, Bangladesh

Over the last decade, global climate change has had a significant impact
in all spheres of human life, especially for poor, low income and vulnerable
groups [19,35]. The impact of this change varies at different stages of com-
munities because of its irregular temporal and spatial distribution [21,35].
Climate change may create stresses through two ways – direct and indirect
[21] affecting environmental, economic and social indicators which are
computationally difficult to forecast especially in data scarce region like
Bangladesh [19]. Exacerbated vulnerability for increased frequency, inten-
sification and complexity of natural disasters likefloods, droughts, cyclones
are the direct consequences of climate change [35]. Primarily agricultural
economies are experienced hardships of immediate effects, particularly ver-
itable for marginalized and poor farmers and landless laborers, shaping by
surface and groundwater shortage, salinity intrusion, soil and water deteri-
oration, deficit in production and crop failure and incremental mortality
rate of livestock and wildlife [21] and leading to food insecurity andmigra-
tion [35].

In addition, these frequent extreme weather conditions also make dif-
ferent groups of womenmore vulnerable [21].Women face disparity in dis-
tribution and accessibility to food and nutrition, education, less



Fig. 1. Study area map.
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participation and freedom in decision-making and exercising power due to
traditional cultural practice. Because of hyper-masculine behavioral pres-
ence in socio-cultural dogmas, different groups of women face sexual viola-
tion, abuse and persistent inequality in time of disaster stress [21]. Rahman
et al. [35]mentioned that drinkingwater salinity creates difficulty for preg-
nant women and increase risk for stroke and cardio-vascular diseases. As
women perform households' chores with saline water, salinity increases
risk of skin diseases, becomes rough and darker. Due to dry and dark
skin, they have to pay higher amount of dowry [19]. Relatively affluent
families, having reservoirs, collect sweet water from rainwater, ponds and
rivers and use during the times of higher salinity. As a result, women in
poor family are more vulnerable to climate change. Accessibility to re-
source also influence women's capacity to access of water and respond to
water scarcity in agriculture [35].

Intersection among gender and other categories of individual lives, in-
stitutional, social and cultural ideologies differentially affect resilient be-
havior to reduce climate stress, which results differentiated vulnerability
at different segments [19]. Furthermore, climate change creates damages
healthcare infrastructure, reduces accessibility to health care, increasemor-
bidity andmortality rate in vulnerable groups [35], psychological and emo-
tional stress (such as depression and suicide, changing family planning) and
community disharmony [21].

Although a significant number of researches have been done for under-
standing economic and environmental impacts of global change, a few
numbers of studies considering social dynamics is exposed [35]. The dis-
similarities in gender-based roles and responsibilities as well as their
power relation, unequal distribution of intra-household assets [19], socio-
cultural and ethical norms and practices, higher reliance on natural re-
sources at different communities, highly densely populated area, lower
health facility, mobility and migration, all the dynamisms are matter in
3

order to assuage climatic effect. Unfortunately, these dynamisms affect
women more than men especially in case of Bangladesh [35]. Besides, the
study of climate-health relationship is poorly designed in lower deltaic
area [35].

Deficiency of availability of related and quality data, poorer access of
concrete and peer review, limited availability of proper funding and ineffi-
cient management, complex and heterogeneous methodology limiting
comparison [35], structural and behavioral mismatch among social and
ecological institution [19], virtually absence of database of track or trends
by sectors or regions [21] are responsible for having few number of studies
related to social dynamics.

To investigate indirect or social impact of climate vulnerability, reduc-
tionist research approach has a limitation of capturing the risk of the
most vulnerable communities [54]. Researchers fail to attribute risk associ-
ated with climate stress and variability since the features of climatic system
is complex and interconnectedwith other economic and social phenomena.
Zeitoun et al. [54] advocated that comprehensive qualitative risk modeling
including ethical questions can be a suitable approach to attribute risk to
vulnerability shaping by social dynamisms.

While shallow wells are highly contaminated with saltwater intrusion,
Arsenic, Iron, Fluoride; wells from the deep aquifers i.e. >200 m deep are
not used for irrigation because of high cost of wells. However, for house-
hold supply, municipality and towns such as Khulna, Barisal and Noakhali
are entirely depends on wells below 150 m deep because of unavailability
of any alternate [11,34,36].

Hossain et al., (2016) [15] used historical approach to explain recent
change in ecosystem services and human wellbeing in the Bangladesh
Coastal zone. Here they have explained that due to rapid global changes
(population increase, climate change induced frequent extreme weather
conditions and land use land cover change) food related ecosystem services
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along with GDP increased since 1980s. In contrast, non-food ecosystem ser-
vices such as water availability, water quality, and land stability have
deteriorated.
2.3. Con Dao Island, Mekong River, Vietnam

In Con Dao Islands, the major source of water supply for domestic use,
tourism, and industry comes from aquifer with 25 drilled wells and the
total average exploitation volume of 3400 m3/day. According to the ob-
served data in the dry season, the groundwater level in the Central Town
of Con Dao Islands has been dropped to about 1.19 m in the period of
2006–2012 (DWRPIS, 2015 [8]).

In recent years, water shortages for domestic use and tourism are in-
creasing due to the population growth and tourism development. As antic-
ipated, water demand by 2030 will increase over three times for domestic
use and over two times for tourism in a comparison to the period of
2015–2020 (MPI, 2011 [26]). On the other hand, water availability is re-
ducing under the impacts of climate change and sea level rise, leading to in-
creasingly pressure on water supply and thus increasing risks of saline
intrusion due to over-exploitation of groundwater resources.

The interaction between people and water has been remarkably con-
cerned in Vietnam, as agricultural production is one of important economic
sectors in the country, accounting for 14.68% of the total GDP (2018 statis-
tical yearbook of Vietnam). One group of studies are focussed on quantifica-
tion of water budget (demand and availability) in different river basins of
Vietnam such as Ba River (Vu et al., 2012 [50]), Lam River (Dang et al.,
2015), Vu Gia-Thu Bon River (Hoang and Ma, 2016), Sesan River [45].
The second group studies focused on monitoring water quality and deduc-
ing hydrological processes governing its evolution like for groundwater sa-
linization for different aquifer system in Vietnam (Vu and Bui, 2006 [49];
Nguyen et al., 2008 [31]; [6,14,24]). Third group of studies integrated
water resource management in the studied area by using the hydrological
models such as HEC-HMS and MODFLOW [24], water balance models
such as WEAP and SWAT (Vu et al., 2012; Dang et al., 2015; Hoang and
Ma, 2016; [45,49]). These studies not only evaluated water use in the cur-
rent condition, but also predicted the changes of water supply and demand
in the future scenarios, covering the impacts of population growth,
socio-economic development, and climate change. In final group of studies,
decision support frameworks for water resources plans and projects were
evaluated in Vietnam, where the most prominent representative is the Mo-
tivation and Ability (MOTA) framework. Developed by Ho et al. [13],
MOTA has been widely used to assess the flood control plans for Ho Chi
Minh City ([13]; Nguyen et al., 2019 [32]), ecosystem services in prawn-
rice rotational crops in Kien Giang Province [12], and livelihood transfor-
mations in Ben Tre Province.
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2.4. In a nutshell

Based on the above findings from studies conducted all three sites, the
common theme is that groundwater salinization is one of the key reasons
for water scarcity in coastal areas. It has several cascading effects like
water pollution, economic loss, outward migration, mental and psycholog-
ical effects and finally deterioration in human well-being, as shown in
Fig. 2.

2.5. Key findings from our pilot study at GBM delta

Tounderstand this complex issuewith better clarity, wehave conducted
a pilot study in the GBM delta. For this, we carried out fourteen focus group
discussions (FGDs) during 13-20th February 2020. The results of these
FGDs helped us to design a detailed questionnaire survey to be used in
next phase. Participants for the FGDs were chosen based on different age,
sex, income, etc. Through the pilot study, it became clear that while clini-
cally diagnosable mental illnesses may be triggered by stressful events
such as a large-scale hydro-metrological disaster, gradual salinization of
ground water aquifer-the only source of usable fresh water- can be consid-
ered a persistent emotional stressor for vulnerable island communities. Un-
fortunately, the psychological stress is not just limited to bad taste or
usability of ground water, rather the consequence is often far-fetched.
From our pilot studies in the GBM delta, it was evident there are multiple
avenue through salinization is pressing irreversible damage to mental
health, leading to severe anxiety, restlessness, domestic violence and homi-
cides. The Fig. 3 provide a conceptual insight on the different avenues
through which salinity impacts mental health. The two primary routes are
crop failure and lack of sufficient drinking water in the lean seasons. Crop
failure has led to drastic changes in occupation, promoting migration of
young adults and social vulnerability and economic hardships for the fam-
ily members. Loss of primary occupation led to financial hardship, which
was further escalated due to the lack of provision of drinkingwater and sub-
sequently, buying potable water- to add to the economic misery. There
were also reported social conflicts over limited irrigation sources such as
rare sweet water ponds etc. Though still rare, some cases of culpable homi-
cide were also reported. In nutshell, salinity continues to become an emo-
tional stressor badly affecting the socio-psychological wellbeing.

3. Socio-hydrological approach: A way forward for sustainable water
resource management

3.1. Why socio-hydrological approach

While much progress has been made in making quantitative assess-
ments of different hydro-meteorological risks, there remains a lack of fun-
damental understanding of the interplay between physical and social
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processes. As a result, the current analytical frameworks somehow failed to
capture (or explain) the dynamics emerging from this interplay [2]. Con-
ventionalmodelsmay help identify desirable future status ofwater environ-
ment, but they cannot guarantee their attainment because of adaptive
responses by humans and management decisions which might have unin-
tended consequences [17,33,41]. Therefore, an integrated perspective in
analyzing water related risk through socio-hydrological pathways is
deemed essential for better understanding the action research and policy
implication for sustainable water management [2,51].

To understand this interwoven issue of water and societal interaction,
there is a swift change in the direction of transdisciplinary research ap-
proaches, which studywater resources fromhumanities, social science, psy-
chological and natural science perspectives that seek to address the
hydrological and social challenges related to the complex human-water
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interactions [5,51]. This study proposes the concept of socio-hydrological
approach to solve this complex issue of water resource management
(Fig. 4).

The socio-hydrological approach has two main components: (i) a socio-
hydrological loop, and (ii) other normalizing factors which have significant
impacts on the loop. For the socio-hydrological loop, the first attribute is
water demand and availability, which indicates understanding the water
budget is key for water resource management. To design robust manage-
ment policies, it is imperative to understand both the current and future
water budget through plausible scenario analysis. The second attribute is
socio-cultural responses, which includes indigenous knowledge, perception
towards the rapidly changing hydraulic regime, culture, willingness to
modify to the traditional ways of farming to minimize the effects of uncer-
tain extreme weather conditions, awareness about global changes,
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al 
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agricultural practices, water consumption patterns and monitoring efforts
to be made to reach the targets can be considered. The third attribute is fo-
cusing on political/institutional set-up, which is mainly talking about need
for bidirectional, i.e. top-down as well as bottom-up approaches, to achieve
a robust management system. For this purpose, a retrofitting model is
needed where all the relevant stakeholders ranging from farmers associa-
tions to local governing bodies (for irrigation, agriculture, water, fisheries,
economic etc.) can provide their inputs at any stage of the model develop-
ment. The fourth attribute is disaster preparedness, especially for water re-
lated hazards, as these regions are hot spots for frequent cyclones, typhoons
etc. Here, this concept will mainly focus on how to make our systems more
resilient against these extreme hydro-meteorological conditions. The fifth
and final attribute of this loop is water/land productive management.
Here, this model will mainly focus on how to preserve the precious natural
resources i.e. both water and land from saline intrusion in both short and
long time along with maintaining its productivity.

The other component of this socio-hydrological conceptual diagram is
the macroscale-normalizing factors, which has two attributes, namely eco-
system/environmental services and climate scale/regime. Each of the five
attributes from the socio-hydrological loop are sensitive to both normaliz-
ing factors. Focusing and maintaining a healthy ecosystem with its all its
services is key for designing a management for water resources. Climate re-
gime or scale is one of the key driver or pressure having both direct and in-
direct impact on hydrological cycle. Hence, it is one of the crucial element
to be considered to make management plan more robust.

The whole idea behind considering this socio-hydrological concept is to
achieve all six dimensions of water security. These six dimensions are do-
mestic water security, economic water security, urban water security, envi-
ronmental water security, resilience to water related disaster risk, and
transboundary water security. For all dimensions, both safe and desirable
water quality as well as sufficient water quality to achieved.

4. Key steps for achieving socio-hydrological concept

To realize this ideal socio-hydrological concept in the field, the project
planning should have four steps (Fig. 5). As the term suggests, this concept
gives equal weightage to science (hydrology, meteorology etc.) and social
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Fig. 5. Key steps for project management (M
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part (citizen's participation). Citizen's perspective is very important from in-
formation to implement in this project management cycle. The first step in-
cludes information gathering or in other words, project scoping. Here, it is
necessary to identify the key stakeholders, identify and compile the key
risks, and designate “champions” who have credible experience for han-
dling such issues in the field to lead the project implementation. Second
step is analysis and decision-making, here we use different numerical
tools and scenario analysis will be used to quantify the current and future
risks. Addition of citizen's perspective will help to co-design the robust so-
lutions for adaption or mitigation measures. Based on this quantitative
analysis, different solutions options will be visualized. However, as ex-
plained before, all different models to be used in this case will be
retrofitting in nature, so inputs from relevant stakeholders can be given
throughout the project cycle. In the third stage, based on the rigorous dis-
cussion and communications, the most suitable solutions both for adapta-
tion and mitigation, will be implemented. Finally, in the fourth stage,
progress for all these integrated approach will be evaluated and based on
feedbacks and suggestions, modification can be done as deemed necessary.
For third and fourth stage, inclusion of citizen's perspectives help in co-
delivery of the project outcome. This co-design and co-delivery concept
will help to make this retrofitting models and approach, more robust and
sustainable.

4.1. Relevance

Most of the environmental modeling research focusses on scenario
based snapshots of the future world, while policy based interventions
hardly get implemented because of the understanding gap between the sci-
entific community and decision makers. Therefore, the proposed concept
intends to work on socio-hydrological interactions, which involves public
investments with long-ranging impacts on hydrological cycle management.
This will use attributes of existing water environment and social dynamics
(cultural, political, ethical etc.) for improving adaptation communication in
sustainable water resource management. Here, for the modeling purpose
biophysical parameters will be given importance, however greater empha-
sis will be placed on the role of politics and culture in shaping them. Since
this work will be based on the concept of “with the people rather than for
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the people”, all the stakeholders will have ownership on the co-designed
knowledge base and insights gained in this research.

The expected result will be helpful to sketch projection of alternatives
that explicitly account for plausible and co-evolving trajectories of
socio-hydrological system, which will yield both insights into cause–effect
relationships and help stakeholders to identify safe functioning space. It
will try to evaluate key components like the societal measures taken as mit-
igationmeans for sustainable water resourcemanagement against the rapid
global changes, and the societal characterization and monitoring efforts
made for choosing management targets and checking the effects of mea-
sures taken to reach the targets.

For societal component different variables like institutional set-up, in-
digenous knowledge, culture, practices and monitoring efforts to be made
to reach the regional/ national targets in addition to the sustainable devel-
opment goals (SDGs). Within the regional pretext, this work will target par-
ticularly for the goal 13 (climate action), 6 (clean water and sanitation), 3
(good health and well being), and 15 (life on land). Finally, it will promote
adaptation communication in best possible way to advocate local people to
use their local resources for managing water resources for both short and
long time scale.

Declaration of Competing Interest

The authors declare that they have no known competing financial inter-
ests or personal relationships that could have appeared to influence the
work reported in this paper.

Acknowledgement

This work is supported byAsia Pacific Network (APN) Collaborative Re-
gional Research Programme (CRRP) project with project reference number
CRRP2019-01MY-Kumar.

References

[1] Arnell NW, Gosling SN. The impacts of climate change on river flow regimes at the
global scale. J Hydrol. 2013;486:351–64. https://doi.org/10.1016/j.jhydrol.2013.02.
010.

[2] Baldassarre D, Viglione GA, Carr G, Kuil L, Yan K, Brandimarte L, et al. Debates—per-
spectives on socio-hydrology: capturing feedbacks between physical and social pro-
cesses.Water Resour Res. 2015;51:4770–81. https://doi.org/10.1002/2014WR016416.

[3] Bhadra T, Das S, Hazra S, Barman BC. Assessing the demand, availability of potable
water in Indian Sundarban biosphere reserve area. Intern J Recent Sci Res. 2018;9(3):
25437–43.

[4] Bhatia KT, Vecchi GA, Knutson TR, Murakami H, Kossin J, Dixon KW, et al. Recent in-
creases in tropical cyclone intensification rates. Nat Commun. 2019;10:635. https://
doi.org/10.1038/s41467-019-08471-z.

[5] Blair P, Buytaert W. Socio-hydrological modelling: a review asking “why, what and
how?”. Hydrol Earth Syst Sci. 2016;20:443–78.

[6] Catalin S. Groundwater vulnerability in Vietnam and innovative solutions for sustain-
able exploitation. J Vietnamese Environ. 2014;6(1):13–21.

[7] Dasgupta R, Shaw R, Basu M. Implication and management of coastal salinity for sus-
tainable community livelihood: Case study from Indian Sundarban Delta. In Coastal
Management: Global Challenges and Innovations. Academic Press; 2019. p. 251–69.

[8] Division for Water Resources Planning and Investigation for the South of Vietnam
(DWRPIS). Operation of monitoring network for water resources in con Dao in 2014.
Ba Ria-Vung Tau Province: Department of Natural Resources and Environment; 2015.

[9] Dubey SK, Chand BK, Trivedi RK, Mandal B, Rout SK. Evaluation on the prevailing aqua-
culture practices in the Indian Sundarban delta: an insight analysis. J Food Agricul En-
viron. 2016;14(2):133–41.

[10] Emch M, Feldacker C, Yunus M, Streatfield PK, DinhThiem V, Canh do G, et al. Local en-
vironmental predictors of cholera in Bangladesh and Vietnam. Am J Trop Med Hyg.
2008;78:823–32.

[11] Hassan MQ, Rahman M, Islam MS, Shamsad SZKM. Effects of salinity on the hydrogeo-
environment of Khulna city and Mongla port area of Bangladesh. Dhaka Univ J Biol Sci.
1998;7:113–27.

[12] Ho HL, Nguyen THD, Nguyen TC, Irvine KN, Shimizu Y. Integrated evaluation of ecosys-
tem services in prawn-rice rotational crops, Vietnam. Ecosyst Serv. 2017;26:377–87.

[13] Ho LP, Hermans LM, Douven WJ, Van Halsema GE, Khan MF. A framework to assess
plan implementation maturity with an application to flood management in Vietnam.
Water Int. 2015;40(7):984–1003.

[14] Hoang CT, Phong ND, Gowing JW, Tuong TP, Ngoc NV, Hien NX. Hydraulic and water
quality modeling: a tool for managing land use conflicts in inland coastal zones. Water
Policy II Suppl. 2009;1:106–20.
7

[15] Hossain MS, Dearing JA, Rahman MM, Salehin M. Recent changes in ecosystem services
and human well-being in the Bangladesh coastal zone. Reg Environ Chang. 2016;16:
429–43.

[16] Jalilov S, KefiM, Kumar P, Masago Y, Mishra BK. Sustainable urban water management:
application for integrated assessment in Southeast Asia. Sustainability. 2018;10:122.

[17] Jamero ML, Onuki M, Esteban M, Billones-Sensano XK, Tan N, Nellas A, et al. Small-
island communities in the Philippines prefer local measures to relocation in response
to sea-level rise. Nat Clim Chang. 2017;7:581–6.

[18] Jones RN, Patwardhan A, Cohen SJ, Dessai S, Lammel A, Lempert RJ, et al. Foundations
for decision making. In: Field CB, Barros VR, Dokken DJ, Mach KJ, Mastrandrea MD,
Bilir TE, White LL, editors. Climate Change 2014: Impacts, Adaptation, and Vulnerabil-
ity. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge,
United Kingdom and New York, NY, USA: Cambridge University Press; 2014.
p. 195–228.

[19] Jordan JC. Deconstructing resilience: why gender and powermatter in responding to cli-
mate stress in Bangladesh. Clim Dev. 2019;11(2):167–79.

[20] Kefi M, Mishra BK, Kumar P, Masago Y, Fukushi K. Assessment of tangible direct flood
damage using a spatial analysis approach under the effects of climate change: case study
in an urban watershed in Hanoi, Vietnam. Intern J Geo-Inform. 2018;7:29. https://doi.
org/10.3390/ijgi7010029.

[21] Keshavarz M, Karami E, Vanclay F. The social experience of drought in rural Iran. Land
Use Policy. 2013;30(1):120–9.

[22] Kumar P. Numerical quantification of current status quo and future prediction of water
quality in eight Asian mega cities: challenges and opportunities for sustainable water
management. Environ Monit Assess. 2019;191:319.

[23] Kumar P, Masago Y, Mishra BK, Fukushi K. Evaluating future stress due to combined ef-
fect of climate change and rapid urbanization for Pasig-Marikina River. Manila Ground-
water Sustain Develop. 2018;6:227–34.

[24] Long TT, Koontanakulvong S. SW-GW interaction analysis for drought management in
con son valley, con Dao Island, Ba Ria-Vung Tau Province, Vietnam. Proceedings of
the 1stAUN/SEED-Net Regional Conference on Natural Disaster Yogyakarta, 22. ;
2014. p. 23.

[25] Masahiro H, Faruque ASG, Terao T, Yunus M, Streatfield PK, Yamamoto T, et al. The
Indian ocean dipole and cholera incidence in Bangladesh: a time series analysis. Environ
Health Perspect. 2010;119(2):239–44.

[26] Minister of Planning and Investment (MPI). Decision No. 1742/QD-BKHDT of the on ap-
proving the master plan on socio-economic development of Con Dao District, Ba Ria-
Vung Tau Province, up to 2020, with a vision toward 2030; 2011.

[27] Mishra BK, Rafiei Emam A, Masago Y, Kumar P, Regmi RK, Fukushi K. Assessment of
future flood inundations under climate and land use change scenario in Ciliwung river
basin, Jakarta. J Flood Risk Manage Taylor Francis Public. 2017. https://doi.org/10.
1111/jfr3.12311.

[28] Mitra A, Dutta J, Mitra A, Thakur T. Amphan supercyclone: a death knell for Indian
Sundarbans. eJ Appl Forest Ecol. 2020;8(1):41–8.

[29] Mitra A, Gangopadhyay A, Dube A, Schmidt ACK, Banerjee K. Observed changes in
water mass properties in the Indian Sundarbans (northwestern bay of Bengal) during
1980-2007. Curr Sci. 2009;97:10–25.

[30] Mukate S, Panaskar D, Wagh V, Muley A, Jangam C, Pawar R. Impact of anthropogenic
inputs on water quality in Chincholi industrial area of Solapur, Maharashtra. India
Groundw Sustain Dev. 2017. https://doi.org/10.1016/j.gsd.2017.11.001.

[31] Nguyen T, Vromant N, Nguyen TH, Hens L. Organic pollution and salt intrusion in Cai
Nuoc district, Ca Mau province, Vietnam. Water Environ Res. 2008;78(7):716–23.

[32] Nguyen HQ, Radhakrishnan M, Bui TKN, Ho HL, Ho LP, Tong VT, et al. Evaluation of
retrofitting responses on urban flood in Ho Chi Minh City using motivation and ability
(MOTA) framework. Sustain Cities Soc. 2019;47:101465. https://doi.org/10.1016/j.
scs.2019.101465.

[33] Palmer PI, Smith MJ. Earth systems: model human adaptation to climate change. Na-
ture. 2014;7515:365–6.

[34] Rahman M, Hassan MQ, Islam MS, Shamsad SZKM. Environmental impact assessment
on water quality deterioration caused by the decreased Ganges outflow and saline
water intrusion in South-Western Bangladesh. Environ Geol. 2000;40:31–40.

[35] Rahman MM, Ahmad S, Mahmud AS, Hassan-uz-Zaman M, Nahian MA, Ahmed A, et al.
Health consequences of climate change in Bangladesh: an overview of the evidence,
knowledge gaps and challenges. Wiley Interdiscip Rev Clim Chang. 2019;10(5):e601.

[36] Rahman MM, Bhattacharya AK. Saline water intrusion in coastal aquifers: a case study
from Bangladesh. IOSR J Eng. 2014;4(1):07–13.

[37] Redfern SK, Azzu N, Binamira JS. Rice in Southeast Asia: facing risks and vulnerabilities
to respond to climate change. Building Resilience for Adaptation to Climate Change in
the Agriculture Sector, 23. ; 2012. p. 295.

[38] Saikia KB. Impact of climate change on the fishing population of Majuli, the largest riv-
erine island and its fresh water biodiversity. Intern J Clim Change: Impacts Respon.
2009;1(3):199–222.

[39] Sarker MNI, Wu M, Alam GMM, Shouse RC. Life in riverine islands in Bangladesh: local
adaptation strategies of climate vulnerable riverine island dwellers for livelihood resil-
ience. Land Use Policy. 2020;94:104574.

[40] Sermet Y, Demir I, Muste M. A serious gaming framework for decision support on hydro-
logical hazards. Sci Total Environ. 2020;728:138895.

[41] Sivapalan M, Konar M, Srinivasan V, Chhatre A, Wutich A, Scott CA, et al. Socio-hydrol-
ogy: use-inspired water sustainability science for the Anthropocene. Earth’s Future.
2014;2(4):225–30. https://doi.org/10.1002/2013EF000164.

[42] Srinivasan V, Sanderson M, Garcia M, Konar M, Blöschl G, Sivapalan M. Prediction in a
socio-hydrological world. Hydrol Sci J. 2017;62(3):338–45. https://doi.org/10.1080/
02626667.2016.1253844.

[43] Statistics Canada. 2016 Census Profile, Montreal, Territoire equivalent (Census Divi-
sion); 2017 Retrieved on 23rd March, 2017.

https://doi.org/10.1016/j.jhydrol.2013.02.010
https://doi.org/10.1016/j.jhydrol.2013.02.010
https://doi.org/10.1002/2014WR016416
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0015
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0015
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0015
https://doi.org/10.1038/s41467-019-08471-z
https://doi.org/10.1038/s41467-019-08471-z
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0025
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0025
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0030
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0030
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0035
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0035
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0035
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0040
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0040
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0040
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0045
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0045
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0045
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0050
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0050
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0050
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0055
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0055
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0055
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0060
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0060
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0065
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0065
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0065
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0070
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0070
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0070
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0075
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0075
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0075
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0085
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0085
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0090
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0090
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0090
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0095
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0100
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0100
https://doi.org/10.3390/ijgi7010029
https://doi.org/10.3390/ijgi7010029
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0110
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0110
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0115
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0115
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0115
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0120
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0120
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0120
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0125
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0125
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0125
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0125
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0130
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0130
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0130
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0135
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0135
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0135
https://doi.org/10.1111/jfr3.12311
https://doi.org/10.1111/jfr3.12311
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0145
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0145
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0150
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0150
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0150
https://doi.org/10.1016/j.gsd.2017.11.001
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0160
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0160
https://doi.org/10.1016/j.scs.2019.101465
https://doi.org/10.1016/j.scs.2019.101465
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0175
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0175
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0180
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0180
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0180
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0185
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0185
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0185
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0190
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0190
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0195
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0195
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0195
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0200
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0200
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0200
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0205
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0205
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0205
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0210
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0210
https://doi.org/10.1002/2013EF000164
https://doi.org/10.1080/02626667.2016.1253844
https://doi.org/10.1080/02626667.2016.1253844
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0225
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0225


P. Kumar et al. Progress in Disaster Science 8 (2020) 100134
[44] Tamaddun, K, A., Kalra, A., Bernardez, M., Ahmad, S., 2019. Effect of ENSO on temper-
ature, precipitation and potential evapotranspiration of North India's monsoon: an anal-
ysis of trend and entropy, Water, 11, 189, doi:https://doi.org/10.3390/w11020189.

[45] Tran KC, Do XK. Study on water balance in Sesan River basin in a drought year 2015-
2016. Vietnam J Meteorol Hydrol. 2016;678:44–53.

[46] UNICEF. UNICEF annual report 2017. New York, USA: UNICEF Publication; 2017; 94.
[47] U.S. Census Bureau Quick Facts. New York County (Manhattan Borough), New York;

United States. www.census.gov; 2019. Retrieved on 12th September 2019.
[48] Vörösmarty CJ, McIntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green P, et al.

Global threats to human water security and river biodiversity. Nature. 2010;467:555.
https://doi.org/10.1038/nature09440.

[49] Vu MC, Bui DD. Assessment of saline water intrusion into estuaries of Red - Thai Binh
River during dry season having considered water re-leased from upper reservoirs and
tidal fluctuation. Vietnam-Japan Estuary Workshop 2006, Hanoi, Vietnam, August 22-
24, 2006; 2006.

[50] Vu TT, Do TH, Tran TL. System analysis of water resources and proposal of sustainable
water resources allocation for Ba River catchment. Vietnam J Earth Sci. 2012;34(1):
54–64.
8

[51] Wesselink A, Kooy M, Warner J. Socio-hydrology and hydrosocial analysis: toward dia-
logues across disciplines. WIREs Water. 2017;4:e1196.

[52] WWAP (United Nations World Water Assessment Programme). The United Nations
WorldWater Development Report 2015:Water for a SustainableWorld. Paris: UNESCO;
2015.

[53] Yazd SD, Wheeler SA, Zuo A. Understanding the impacts of water scarcity and socio-
economic demographics on farmer mental health in the Murray-Darling basin. Ecol
Econ. 2020;169:106564.

[54] Zeitoun M, Lankford B, Krueger T, Forsyth T, Carter R, Hoekstra AY, et al. Reductionist
and integrative research approaches to complex water security policy challenges. Glob
Environ Chang. 2016;39:143–54.

[55] Ženko M, Menga F. Linking water scarcity to mental health: hydro-social interruptions
in the Lake Urmia basin, Iran. Water. 2019;11:1092. https://doi.org/10.3390/
w11051092.

https://doi.org/10.3390/w11020189
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0230
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0230
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0235
http://www.census.gov
https://doi.org/10.1038/nature09440
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0250
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0250
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0250
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0250
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0255
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0255
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0255
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0260
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0260
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0265
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0265
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0265
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0270
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0270
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0270
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0275
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0275
http://refhub.elsevier.com/S2590-0617(20)30071-5/rf0275
https://doi.org/10.3390/w11051092
https://doi.org/10.3390/w11051092

	Socio-�hydrology: A key approach for adaptation to water scarcity and achieving human well-�being in large riverine islands
	1. Introduction
	2. Study area and key issues related to water resource management
	2.1. Fraserganj, south 24 Parganas, GBM delta, India
	2.2. Dakshin Bedkashi, Padma River, Bangladesh
	2.3. Con Dao Island, Mekong River, Vietnam
	2.4. In a nutshell
	2.5. Key findings from our pilot study at GBM delta

	3. Socio-hydrological approach: A way forward for sustainable water resource management
	3.1. Why socio-hydrological approach

	4. Key steps for achieving socio-hydrological concept
	4.1. Relevance

	Declaration of Competing Interest
	section13
	Acknowledgement
	References




