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ABSTRACT 
Water is known to sustain life and nothing on this earth can viably serve as a substitute for water which necessitated 
the need to manage it with the utmost care by considering all sources of problems. Until now, human behav-

iour-induced problems are rarely put into consideration in water management strategies. For example, most of the 
previous water management policies lack explicit ethical basis and neglected the effect of the underlying human norms 
and values. Moreover, the majority of the water stakeholders are either ethically unaware or have no will to efficiently 
and sustainability use and manage water. Some of the reported behaviour-related problems affecting water sectors 
include unauthorised releases, unlawful water abstractions, tampering with water meters, water wastage behaviour 
and discharge of untreated or poorly treated wastewater into rivers and other fraudulent incidences. On the other 
hand, ethics-based approaches such as water conservation sensitization and awareness campaigns and reporting 
unlawful activities to the relevant authority have been reportedly linked to a significant improvement in the water 
sectors. Despite these negative and positive effects of societal norms and values, behaviour-induced problems have 
not attracted much interest in the current water researches. Although, some pioneering studies in the field of so-
cio-hydrology have recently attempted to dynamically couple human characteristics (the social aspect) with various 
water systems (the hydrological aspect). Herein, we offer a socio-hydrological review, focusing on human behaviour 
and its implications on water management sectors. The aim was to gain insights into how human behaviour impacts 
on those water systems, and how water systems could, in turn, shapes human in terms of their well-being and subse-
quent decisions. This study identified the impact of human behaviour as the missing link that if not realistically quan-

tified and incorporated could render water management sectors unsuccessful. Therefore, a model that simulates the 
water management operations whilst coupling those human impacts quantitatively would be a valuable tool for iden-
tifying the extent to which humans affected water sectors, thereby informing relevant decision-makers. 
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1. INTRODUCTION 
 

Previously, water planners and managers paid more at-

tention to catchment yield assessment, proposing sites for 

construction of dams and developing rules for the opti-

mum operation of these dams. Such a method of water 

resource development is termed as structural risk reduc-

tion measures which have been adopted for supplement-

ing the limited water resources (Loucks et al., 2005). This 

led water-related studies to be mainly directed towards 

harnessing and utilizing water resource with less consid-

eration to non-structural measures (water saving methods). 

Later, non-structural risk reduction measures such as 

water conservation and water demand management 

(WC-WDM) were introduced as an alternative when the 

available resources are limited (Kuria & Vogel, 2014). 

Although there are lots of non-structural risk reduction 

measures now in use, one of the problems which attracted 

little attention and remains elusive globally is the impact 

of changing human behaviour (Groenfeldt, 2013; Muller, 

2017). In South Africa, for example, huge capital in-

vestments have been made to construct new water infra-

structures to meet water demands rather than stopping the 

leaks such as wastage behaviour and water theft 

(Chikwanda, 2011). Although some non-structural risk 

reduction measures such as efficient water usage aware-

ness campaign and water leakage reduction are in place, 

there is a need to dynamically consider the impacts of 

changing human behaviour on water resources. In 2011, 

WC-WDM measures were implemented and a consider-

able reduction in water consumption has been noticed in 

the city of Cape Town from 2011 to 2014. This led the 
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decision-makers to make a big mistake by assuming that 

no new water development is required until 2024. Water 

managers presumed that Cape Town’s WC-WDM 

measures had permanently solved the problem not 

knowing that the success of this measure relies on vol-

untary behaviour of the users. In 2015, the consumption 

had significantly gone up due to change in users’ behav-

iour towards WC-WDM measures. The situation was 

exacerbated by the failure to impose restrictions on, and 

over-allocation to agricultural users. Thus, there is a need 

to consider the impact of changing human behaviour since 

human behaviour is like hydrology, it is highly uncertain 

and difficult to predict (Muller, 2017). Water manage-

ment official was found guilty of taking a bribe to obtain 

tenders in the Lesotho Highlands Water Project (IPCA 

2010). Also, a water employee was found to extort money 

from households in New Jersey, USA (TI, 2008). A sim-

ulation model for water sharing in the Herault River Basin, 

France, revealed how massive was diverted from the 

River (Lanini et al., 2004). Several water-related irregu-

larities have been reported from Australia, Mexico, Kenya, 

India, and many countries in Africa, and South Asia 

(Hermann-friede et al., 2014). 

Despite enormous advances in water resource planning 

and management, human-related influences remain less 

counted for in the water management sectors (Shanono 

and Ndiritu, 2019). The history of the world witnessed a 

significant increase in the human population, so-

cio-economic development, frequent climate change im-

pacts (droughts and floods) and a rapid increase in water 

demand. As the water demand increases more dams were 

constructed until nowadays most of the available sites for 

constructing such structures are nearly exhausted (Basson 

& Van Rooyen, 2001; Ndiritu, 2005). Moreover, several 

water reservoirs were constructed without devising means 

for evaluating and regulating human behaviour-related 

impacts Ogilvie et al., (2019). As a result of this, the 

present water management policies lack transparent eth-

ical basis which neglected the underlying effects of soci-

etal norms and values (Groenfeldt, 2010; Fulton et al., 

2011; Schlüter et al., 2017; Ridolfi et al., 2020). 

For example, according to the report on the state of water 

in South Africa, the total water losses amount to 31.8% 

out of which 6.4% is lost through illegal abstractions. The 

annual total amount of water losses and losses due to 

illegal abstractions were 1,366 and 275 million m3 re-

spectively (Mckenzie et al., 2012). In such instances, the 

available water supply can be less than the targeted not 

only because of climate change effects (droughts) but also 

adverse human behaviour. It is, therefore, crucial to de-

velop methods that explicitly incorporate the impact of 

human behaviour into water management strategies.  

As humans continue to affects the performance of the 

water t sectors and previous review and empirical studies 

ignore the impact of human behaviour on water 

(Groenfeldt, 2013; Müller & Levy, 2019), this paper 

presented some insights gained from the previous so-

cio-hydrological and other water-related interdisciplinary 

studies and highlighted the importance of incorporating 

the impacts of human behaviour into water management 

operation to inform policy makers. 

2. THE EMERGENCE OF SOCIO-HYDROLOGY

To incorporate various human influences in the wa-

ter-related studies, a new area of hydrology termed as 

socio-hydrology was introduced in 2012 (Sivapalan et al., 

2012). Socio-hydrology is a new interdisciplinary field of 

study which encompasses many disciplines including 

hydrology, sociology, ecology, philosophy, anthropology, 

and economics among others. Socio-hydrology aimed at 

identifying the dynamics, complexities, interactions, 

co-evolutions and feedbacks between the coupled human 

and water systems (McMillan et al., 2016). This can be 

achieved by coupling the driving variables that act as the 

missing links between human and water subsystems 

(Savenije, 2015). Traditionally, hydrologic studies seek to 

assist water management decision-making without con-

sidering the human impact. It is now realised that data 

generated from pure and physical hydrologic science have 
limitations in diagnosing the resulting water management 

problems, thereby informing the effect of societal re-

sponses (Carey et al., 2014). To promote and encourage 

research in the field of socio-hydrology, the International 

Association of Hydrological Sciences (IAHS) launched a 

hydrological decade 2013–2022 with the theme “Panta 

Rhei – everything flows: Change in Hydrology and Soci-

ety” (McMillan et al., 2016; Savenije, 2015). The main 

aim of Panta Rhei is to reach an improved understanding 

and interpretation of the processes governing the water in 

connection with rapidly changing human societies (Blair 

and Buytaert, 2016). 

Since the introduction of socio-hydrology, several pio-

neered models have been developed that explore hu-

man-water dynamics in various facets of water systems to 

get insights on how water management problems 

co-evolve alongside human influences (Troy et al., 2015). 

Such complex interactions and feedbacks between human 

and water subsystems are very crucial in water manage-

ment but remain inadequately understood and ignored in 

the conventional hydrology (Sivapalan et al., 2012; Liu et 
al., 2015). Although concern for nature alongside eco-

nomic productions have been historically embodied in 

water management laws (Ingram, 2014), diverse human 

ethical issues have not been explicitly incorporated 

(Falkenmark & Folke, 2002). In line with this, ethically 
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oriented water management culture needs to be created by 

incorporating the diverse human norms of values (be-

haviour) into water management strategies. This is to 

explore, comprehend, conceptualize, model, simulate and 

assess the various alternatives of the impacts of human 

behaviour on water management performance to inform 

policy-makers.  

 

3. CURRENT SCOPE OF SOCIO-HYDROLOGICAL RESEARCH

To understand how human norms, values and so-

cio-economic dynamics impact on nature, resources 

management researches have been undertaken using the 

concept of the coupled natural and social systems (Levins 

& Culver, 1971). Such studies have been conducted under 

the coupled human and natural systems - CHANS and 

social-ecological systems - SES (Liu et al., 2007; Schlüter 

et al., 2009). Socio-hydrology has also recently emerged 

as a new science of people and water (Sivapalan et al., 

2012) and has been used for coupling the impact of hu-

mans and various water systems. In CHANS and SES, the 

social and resources are coupled to assess the effect of 

earlier on the later and vice versa. Similarly, so-

cio-hydrology aiming for the same purpose. Although 

socio-hydrology is still in its infancy, there have been 

several pioneering studies. 

Water-related problems have been listed among the issues 

with global impact that cannot adequately be tackled from 

the sphere of a single discipline (Max-neef, 2005). This 

brought about the multidisciplinary challenges which led 

to trans-, cross- and inter-disciplinary studies. A coupled 

model that comprehend complex systems through cap-

turing the vital relationship and ignoring non-essential 

details has since been developed and applied in describing 

vegetation dynamics (Levins & Culver, 1971). Schlüter et 

al., (2009) employed the same concept to model the 

trade-offs between water use and ecosystem sustainability 

in a semi-arid region. A lot of coupled models were de-

veloped under the subjects of CHANS and SES (Ostrom, 

2009). 

Similarly, human characteristics are now being incorpo-

rated into hydrologic studies with a focus on assessing the 

impact of humans on various water systems. The aim was 

to enhance the traditional methods of hydrologic studies 

for more practicability and applicability in a real-life 

situation (Sivapalan et al., 2012). These were set to be 

achieved using the IAHS’s hydrological decade 

2013–2022; themed “Panta Rhei as briefly introduced in 

section 2 above. 

3.1. Framework for Socio-hydrological Studies 

The framework for socio-hydrological studies aims at 

evaluating how human values and norms impact on the 

structure and dynamics of various water systems at dif-

ferent spatio-temporal scales. It also aims to find out how 

water systems, in turn, impact on the social well-being, 

and decision, as shown in Figure 1 (Sivapalan et al., 
2014). 

 
Figure 1: Generalized socio-hydrological framework  

The fundamental pillars on which socio-hydrology was 

built are the 3 research targets (Montanari et al., 2013). 

i) Improve understandings on the coupled hu-

man-water  

ii) Forecast the future trajectory of the coupled system  

iii) Put the outcomes into practice 

Socio-hydrologic problems are expected to be addressed 

by answering 6 science questions (McMillan et al., 2016). 

i) What are the key gaps in our understanding of hy-

drological change?  

ii) How do changes in hydrological systems interact 

with, and feedback to, natural and social systems 

driven by hydrological processes? 

iii) What are the boundaries of coupled hydrological and 

societal systems? 

iv) How can we use the improved knowledge of coupled 

hydrological and social systems to improve model 

predictions, including estimation of predictive un-

certainty, and assessment of predictability? 

v) How can we advance our monitoring and data analy-

sis to predict, and manage hydrological change?  

vi) How to support societies to adapt to changing condi-

tions due to uncertainties and feedbacks between 

natural and human-induced hydrological changes? 

Socio-hydrology can be employed for 3 reasons (Si-

vapalan et al., 2012). 

i) Improve the level of understanding  

ii) Forecast for the future trajectory  
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iii) Practical application of the coupled systems 

To fully understand how the coupled systems co-evolve, 

the concept of socio-hydrology can also be applied in 

three ways/avenues (Sivapalan et al., 2014). 

i) Historical socio-hydrology  

ii) Comparative socio-hydrology  

iii) Process socio-hydrology 

Lastly, the concept of socio-hydrology has been intro-

duced to achieve 3 major goals (Sivapalan et al., 2014). 

i) To analyse dynamic in both space and time patterns  

ii) To interpret the complexities of the interaction be-

tween various coupled human and water systems  

iii) To get more insights and understandings on the im-

pact of human on various hydrological systems 

3.2. Review of Socio-hydrological Models 

Socio-hydrology is a new science of people and water 

(Sivapalan et al., 2012) and has been used for coupling 

social and water subsystems. For example, there have 

been several pioneering human-water coupled models 

including socioeconomic–flood interactions (Di 

Baldassarre et al., 2013; Ridolfi et al., 2020), municipal 

water supply strategies (Srinivasan et al., 2013), down-

stream use of glacier runoff (Carey et al., 2014), socio-

economic-land and water use (Elshafei et al., 2014, Horn 

& Elagib, 2018; Shanono & Ndiritu, 2019), hu-

man-environment water sharing (Zhou et al., 2015) and 

community’s concerns on the environment (Liu et al., 

2015). In essence, the concept of socio-hydrology is 

framed towards a holistic integration of social, economic 

and environmental aspects of hydrology, thereby explor-

ing the interactions, feedbacks and co-evolution of the 

coupled human and water systems (Elshafei et al., 2014). 

Generally, such models are based on the social and hy-

drological variables governing the co-evolution of the 

systems (Blair & Buytaert, 2016). 

Di Baldassarre et al., (2013) developed a simple hypo-

thetical dynamic model depicting the interactions and the 

feedbacks between socio-economics and flooding. The 

model conceptualized the societal response to the flood-

ing risk in the technological world. Society’s (living in a 

floodplain) response was captured using two risk aware-

ness scenarios: 1) to reside away from the river (frequent  

 

 

 

 

 

 

 

 

but small flood with less economic gain), 2) to protect the 

floodplain using levees (rare but disastrous flood with 

more economic gain). The driving variables that governed 

the coupled systems were: wealth creation, flooding event, 

society’s distance from the river, society’s awareness and 

levees. Elshafei et al., (2014) developed a prototype 

framework model that coupled socio-economic and nat-

ural (land and water) systems. The framework was con-

ceptualized using two human characteristics; the com-

munity sensitivity (to capture the perceived level of dan-

ger to a community’s quality of life) and behavioural 

responses (to capture the state of land and water condi-

tion). The model was effectively applied and performed 

well in the Murrumbidgee and Lake Toolibin catchments 

in Australia. Environmental awareness has also been used 

to develop a mediating strategy model to resolve water 

competition between agriculture and ecosystem health 

quality (van Emmerik et al., 2014). The model was ef-

fectively applied in the Murrumbidgee River Basin, Aus-

tralia. Carey et al., (2014) developed a model that coupled 

human variables (political agendas, governance, tech-

nology, land and resource use and societal responses). 

The model was effectively operationalized in the down-

stream use of glacier runoff in Santa River, Peru. Zhou et 

al., (2015) developed a catchment water balance model 

for water sharing between humans and the environment. 

The model was applied to analyse the historical 

co-evolution of socio-hydrological regimes and its effect 

on the environment in the Murray-Darling Basin, Aus-

tralia for over 100 years. Liu et al., (2015) conceptualized 

a socio-hydrological model for the co-evolution of people 

and water in the Tarim River Basin, western China. In the 

model, the community’s attitudinal change due to the state 

of ecological health was captured within water resources 

management guidelines. These are some of the social 

subsystems (human characteristics) used in the previous 

socio-hydrological studies. Other human-water studies 

comprised flood risk perception-flood plain (Barendrecht 

et al., 2017; Horn & Elagib, 2018; Barendrecht et al., 

2019; Fanta et al., 2019), Water Use Culture-Water Sys-

tems (Ogilvie et al., 2019); Propensity to Unlawful ab-

stractions (Shanono & Ndiritu, 2019) and Stakeholders’ 

Perceptions-Water Systems (Kuil, Evans, McCord, 

Salinas, & Bl€oschl, 2018). 
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4. SUBSYSTEMS OF SOCIO-HYDROLOGICAL SYSTEM STUDIES

The review identified three major subsystems that make 

up every socio-hydrology research, which includes hu-

man (the social subsystem), water-based case studies (the 
hydrological subsystem) and the locations of the study. 

4.1. Social Subsystems 

Social subsystems are beliefs (values) that an individual 

or a society holds about aspects of life and act as a guiding 

principle that drives society's interest in making a decision 

(IGE, 2017). In the current literature of socio-hydrology, 

various human characteristics have been incorporated as 

social subsystems of the coupled human-water systems. 

The human characteristics are generally used to serve as 

feedback mechanisms for receiving and transmitting the 

responses of humans. It makes human aware of the con-

dition of the hydrological and other natural environment 

subsystems. As a result of such awareness, humans are 

expected to decide to change the ways they interact with 

water and other natural environment subsystems which 

subsequently change the initial trend of the co-evolution 

of the coupled systems. This will help to understand and 

analyse any possible future trajectories of the coupled 

system spatially and temporally. Understanding the pos-

sible impacts of social drivers (human influences) acting 

on the hydrological subsystems can help to understand 

how a system could respond to a given change in social 

subsystems. The social characteristics used in the previ-

ous socio-hydrology studies included: community sensi-

tivity and behavioural response (Elshafei et al., 2014), risk 

awareness and coping culture (Viglione et al., 2014), 

environmental awareness (van Emmerik et al., 2014), 

societal awareness and response (Di Baldassarre et al., 

2013; Carey et al., 2014; Liu et al., 2015; Horn & Elagib, 

2018; Barendrecht et al., 2019), cultural identity (Fernald 

et al., 2012) as summarized in Table 1.  

4.2. Hydrological Subsystems 

The hydrological subsystems are the water-based case 

study of the human-water system. In the so-

cio-hydrological models, the water subsystems are im-

pacted by the societal activities, and humans are, in turn, 

affected by the state of water subsystem Depending on the 

situation, the human impacts can either improves or de-

teriorates the hydrological subsystems. Several wa-

ter-based case studies have been used in the pioneered 

socio-hydrological research including river basin and 

agricultural catchments (Elshafei et al., 2014; Gober & 

Wheater, 2014; Liu et al., 2015; van Emmerik et al., 2014), 

Rivers (Akiyama et al., 2012; Carey et al., 2014), mu-

nicipal water supply (Srinivasan et al., 2013) and flood-

plain (Di Baldassarre et al., 2013; Viglione et al., 2014; 

Barendrecht et al., 2017; Horn & Elagib, 2018; 

Barendrecht et al., 2019; Fanta et al., 2019), Reservoirs 

(Kuil et al., 2018; Ogilvie et al., 2019; Shanono & Ndiritu, 

2019) (see Table 1). This section was to introduce hy-

drological subsystems that have been used to the potential 

socio-hydrologists.  

4.3 Locations of Studies 

As socio-hydrology research is still in its infancy stage 

(Troy et al., 2015), to date, few socio-hydrology research 

from a few countries were found to be published. The lead 

countries where such studies were conducted comprises 

Australia (Elshafei et al., 2014; Kandasamy et al., 2014; 

van Emmerik et al., 2014; Zhou et al., 2015), China 

(Akiyama et al., 2012; Liu et al., 2015; Yang & Cai, 2014), 

India (Srinivasan, 2015), USA (Fernald et al., 2015 and 

2012), Canada (Gober & Wheater, 2014), Peru (Carey et 

al., 2014), Sudan (Horn & Elagib, 2018), Tunisia (Ogilvie 

et al., 2019) and hypothetical locations (Di Baldassarre et 

al., 2013; Viglione et al., 2014; Melsen et al., 2018; 

Shanono & Ndiritu, 2019). Hence, the need to conduct 

similar studies in different regions to assess how different 

society could affect water sectors. 
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Table 1: Social and hydrological subsystems of the socio-hydrological studies 

Social Subsystems Hydrological Subsystems Locations Author(s) 

Aggressive Wealth Creation Ili River Basin  China Akiyama et al., ( 2012) 

Societal Culture and Identity New Mexico Catchment  USA Fernald et al., (2012,)  

Human values and norms Murrumbidgee River Basin Australia Kandasamy et al., (2014) 

Environmental Awareness Murrumbidgee River Basin  Australia van Emmerik et al., (2014) 

Community Sensitivity/Behavioural Response Murrumbidgee/Lake Toolibin Australia Elshafei et al., (2014) 

Consensus in water allocation Yellow River China Yang & Cai, (2014) 

Societal Response Santa River, Peru Carey et al., (2014) 

Emergency Response Chennai City India Srinivasan, (2015) 

Community Risk Coping Culture Catchment Hypothetical Viglione et al., (2014) 

Societal response to the environment Murray–Darling Basin Australia Zhou et al., (2015) 

Evolving Community Awareness  Tarim River Basin China Liu et al., (2015) 

Community Resilience and Cohesion New Mexico USA Fernald et al., (2015) 

Fragmented/Overlapping Governance Saskatchewan River Basin Canada Gober & Wheater, (2014) 

Societal Risk Awareness and Response Flood Plain Hypothetical DiBaldassarre et al., (2013) 

Risk Awareness Flood Plain Hypothetical DiBaldassarre et al., (2015) 

Collective Memory and Risk-taking Flood Plain Hypothetical Grames et al., (2016) 

Flood Risk Flood Plain Hypothetical Barendrecht et al., (2017) 

Smallholders’ Perception Water Systems Hypothetical Kuil et al., (2018) 

Consciousness All Water Systems Hypothetical Melsen et al., (2018) 

Community Awareness and Engagement Flash Floods City, Khartoum Sudan Horn & Elagib, (2018) 

Users’ Propensity to Unlawful Activities Reservoir System Hypothetical Shanono & Ndiritu, (2019) 

Floods Risk Awareness Flood Plain Hypothetical Barendrecht et al., (2019) 

Water Use Culture Small Reservoir Tunisia Ogilvie et al., (2019) 

Collective Memory Flood Plain Hypothetical Fanta et al., (2019) 

5.0 THE NEED TO INCORPORATE THE IMPACTS OF HUMAN BEHAVIOUR INTO 
WATER MANAGEMENT STRATEGIES 

 

Humans are an integral part of all water-dependent com-

plex systems (Pollard & du Toit, 2011; Rogers & Luton, 

2011; Odume & de Wet, 2016). Also, water is open access 

and common resources, often cause value-based conflicts 

which rendered its management very challenging. One of 

the major challenges in the use and management of water 

is the individual’s aggressive intention to maximise usage 

which commonly resulted to over-exploitation of the 

resources (Ostrom et al., 2002; Tavoni et al., 2012). 

Therefore, the impacts of human behaviour are important 

aspects that need to be studied, understood and incorpo-

rated into water resources management strategies (Voinov 

et al., 2014). One of the aims of socio-hydrology is to 

determine the causes and effects of changing human be-

haviour (Sivapalan et al., 2012) which have been recog-

nised as the key for formulating solutions to water re-

sources management problems (Lopez-gunn et al., 2012;  

Groenfeldt, 2010; 2013). Ethics-based approaches have 

been encouraged in solving water resources management 

problems (Ingram, 2014). Lopez-gunn et al., (2012) ar-

gued that problems that require urgent attention in the 

water sector are not technical but ethical. Ethical aware-

ness and training found to be effective in the solving value 
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related problems in Santa Fe river New Mexico, USA 

(Groenfeldt, 2010). 

Water management encompasses diverse stakeholders 

comprising of top management officials, engineers, tech-

nicians, administrators, operators and other junior staff. 

The water use sectors include agriculture/irrigation, in-

dustries/mining, domestic/municipal, power generation 

and environmental flow requirement. Considering the 

numerous stakeholders involved in the water sector, 

coming from different areas with different social, eco-

nomic, religious and cultural backgrounds, it is common 

to encounter ethical dilemmas and value related conflicts. 

Hence the need for ethics-based water resources man-

agement policy (Falkenmark & Folke, 2002; Groenfeldt, 

2010; 2013). This is through identifying and reconciling 

the competing values to create ethical water use and 

management culture among the stakeholders. Therefore, 

understanding the ethical problems from all stakeholders 

will serve as a crucial step for sustainable water resources 

management (Ingram, 2014). One of the suggested ap-

proaches for tackling ethical dilemmas that are found to 

be very effective, although largely ignored in the man-

agement of water, is the development of explicit moral 

mechanism through ethical awareness and training 

(Palomino & Martínez, 2011; Crebert et al., 2011) to 

enlighten people to understand water as a valuable re-

source (Falkenmark & Folke, 2002). Therefore, the con-

cept of socio-hydrology will truly serve as an excellent 

tool in addressing human ethics and moral behaviour 

related to water management problems. 

Despite enormous advances in the development of an 

optimised and promising water resource systems man-

agement, human behaviour-related influences remain less 

counted for in many water management analysis simula-

tion models. Although, human ethical behaviour affects 

the management of any organisation including water 

sectors (Engelbrecht et al., 2014; Askew et al., 2015). 

Hence, a model that can quantitatively estimate the human 

behavioural impact on water management to assess the 

system performance will help guide water policymakers 

for future policy alteration. The positive impacts due to 

ethical practices that are expected in the coupled model 

include; efficient use of water, discharging the minimum 

level of wastewater, less application of chemical fertilizer, 

active participation by all stakeholders and other morally 

acceptable acts. These will help improve the system’s 

performance, leading to a sustainable water management. 

While, the negative impacts due to unethical practices 

includes illegal water abstractions, tampering with the 

water meters, excessive water misuse, discharge of un-

treated wastewater, over-application of chemical fertilizer, 

collusion scandals, poor participation by the stakeholders 

and other morally unacceptable acts. These will reduce 

water management performance and render water man-

agement strategies unsustainable. 

6.0 CONCLUSION 
 

Although considerable studies on the effect of human 

behaviour on water management have been conducted 

both in research and in practices, its impact on water 

management is rarely modelled and quantified. Also, the 

effectiveness of a given water management policy can 

also have impacts on the human behaviour, it is only re-

cently that research on the interactions, feedbacks and 

co-evolution of the coupled human-water systems has 

been formalized and termed as socio-hydrology 

(Sivapalan et al., 2012). A model that simulates water 

management operation whilst coupling the impact of 

humans quantitatively would be a valuable tool for pru-

dent decision making. 

Globally, there are different approaches to water man-

agement-related studies, such as environmental man-

agement, socio-economic, climate change and policy  

 

 

 
 

perspectives. However, the effectiveness with which wa-

ter is being managed and utilised with due consideration 

to the impacts of human behaviour are missing in the 

earlier and current literature. Water sectors have been 

found to perform better in countries with fewer human 

behaviour-related problems. Also, realistic incorporation 

of the concepts of ethics into water management can help 

in achieving the water management goals. This is in line 

with the calls to explicitly incorporate ethical issues (so-

cial) into the water resources management (hydrology), 

and the recent call to the socio-hydrologists to broaden the 

modelling to the level of individuals’ intention and action. 

This paper identified the impact of human behaviour as 

the missing link that if not quantified and incorporated 

could render water management sector unsuccessful. 
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