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Abstract

Inefficient utilization of water in irrigated agriculture and other water management sectors have
been reportedly linked to inappropriate water application and/or sharing methods, hydrological
uncertainties, and decayed infrastructures. However, a problem that has been affecting the
irrigation and other water management sectors which attracted little attention and remaining
elusive, is the impact of unlawful human activities. Some of the human activities that have been
reported to adversely affect irrigation and other water management sectors include unauthorized
water uses, water wastage behavior, and excessive operational losses. Others comprise
discharging poorly or untreated wastewater into watercourses, over-application of chemicals,
collusions, and other forms of corruption. To change the current water governance for achieving
the sustainable development goal number 12, aimed at ensuring sustainable natural resources
consumption and production patterns, the impacts of such undesirable human activities need to
be assessed and incorporated into water management operational analysis quantitatively.

This paper reviewed and reported two important aspects that need to be considered before
putting human-centered water management into practice. 1) Ethical considerations in water use
and management which need to be studied, revisited, and revised. 2) Human behavior-induced
cases that have occurred and hampered the success of irrigation and other water management
sectors. An insightful knowledge was gained from the review that drought condition (the state
of water availability) affects water users' level of compliance with rules.

This paper, therefore, identified the impact of human unlawful activities as the missing link that
if not quantitatively incorporated could render irrigation and other water management sectors
unproductive. For example, a model that simulates water management operation whilst coupling
the impact of humans quantitatively would be a valuable tool for prudent decision-making. It is,
therefore, strongly recommended to be incorporating the impact of human activities on irrigation
and other water management performance analysis quantitatively.
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1. INTRODUCTION

The quest for sustainable natural resource utilization is an essential part of the ongoing 2030
agenda for sustainable development goals (SDGs). It is one of the 169 agreed targets being aimed
for monitoring and assessing the level of sustainability with which resources, such as irrigation
water, are being managed (Osborn et al., 2015; Bartram et al., 2018). To change the current water
governance regime for achieving the SDGs’ goals, an international decade for action was
launched (2018-2028) and themed “water for sustainable development (UN-Water, 2018). This is in
response to concern about how to sustainably utilize the limited water resources in the face of
rapid socio-economic development and climate change, particularly in agricultural sectors.
However, a problem that has been affecting the water sector, and attracted little attention, while
also remaining elusive, is the impact of unlawful human activities (Groenfeldt, 2013; Shanono et
al., 2020). Some of the reported activities adversely affecting the water sector include unlawful
water abstractions, improper water usage (wastage); poor acceptance of water re-use measures,
and excessive operational losses. Others comprise contamination of water bodies by discharging
untreated or improperly treated wastewater, over-application of chemicals in agricultural
activities, and fraudulent system operation (Plummer & Cross, 2006; Hermann-friede et al., 2014;
SABPP, 2013; WWAP, 2017). Although adherence to water ethics in addressing these undesirable
human activities thereby achieving water management goals has been stressed (Falkenmark &
Folke, 2002; UNESCO, 2011), to date, these issues have not been explicitly addressed.

In water-stressed countries such as South Africa, reservoirs are a major feature of the water
resource systems, and reservoir operation is, therefore, an essential aspect of the country’s water
management. Reservoir operation is a challenging water management task, and when behavior-
driven problems arise, it may turn out to be even more complicated. The South African
Department of Water and Sanitation (DWS) identifies unlawful water use as one of the major
problems affecting the water sector. However, many stakeholders consider the low
implementation level of water laws as the main cause of these problems (DWA, 2012). According
to Mckenzie et al., (2012), the total water loss in South Africa amounts to 31.8 % of which 6.4 % is
considered as commercial losses due to unlawful use and meter inaccuracies. The annual total
water loss and water loss due to unlawful use are estimated to be 1,366 and 275 million m3
respectively. Illegal abstraction locations exist, and several of them were identified in the farming
areas of the Western Cape Province in 2017 (Philanda, 2017).

Although freshwater is plentiful in some parts of the world, it is scarce in some regions such as
Southern Africa (Basson et al., 1994). To address the potentially conflicting water demands in such
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regions, water managers need to account for all losses, thereby improving the performance of
existing reservoirs (Yu et al., 2013; Kuria & Vogel, 2014). Such non-structural risk reduction
measures have been identified as an imperative option, due to limited sites for constructing new
reservoirs (Basson & Van Rooyen, 2001; Ndiritu, 2005; WWAP, 2018). South Africa is a water-
stressed country, due to several factors including droughts, socio-economic growth, unlawful
water use, and excessive operational losses. It has been predicted by the Department of Water
Affairs and Forestry (DWATF) that unless consumption patterns change, by 2025 the country may
not be able to sustain its water demand (DWAF, 1997). Studies revealed that the country’s
demand-supply deficit could reach 17% by 2030 if the demand continues to grow at the current
rate (DWS, 2018; Colvin & Muruven, 2017). This agrees with the assertion that water demands
are expected to escalate in countries with emerging economic development, such as South Africa
(WWAP, 2018). Moreover, South Africa faces the most severe surface water scarcity in Sub-
Saharan Africa (Burek et al., 2016). As of January 2018, the DWS categorized the flow in 243 (43%)
of South Africa's 565 rivers as low or very low, which means the country's overall water crisis is
not limited to the Western Cape (Donnenfeld, 2018). Several studies have highlighted the risk of
water scarcity in Southern Africa (McMahon et al., 2007; Pietersen et al., 2008; Wada et al., 2016).
Hence, in water-stressed countries like South Africa, there is a need to employ all necessary
measures that could reduce water demand including human-induced cases thereby increasing its
availability.

2. THE ETHICS OF WATER USE AND MANAGEMENT

Human beings are the major agents for changing the state of the natural environment. Thus, the
quest for limiting the adverse human effects and sustainable utilization of natural resources such
as water necessitates a distinctive ethical explanation (Jennings et al., 2009). In the 19 and 20t
centuries, issues related to water rights, led to some ethical explanations on the moral philosophy
of water management, drawn from ethics theories such as utilitarianism - actions based on the
benefits and deontology - duty based on virtuousness (Kordig, 1974; Wescoat-Jr, 2013). Ethics are
codes of conduct governing human behavior with which human actions are judged as either
ethical or unethical (Ssonko, 2010; Cameron et al., 2004). Globally, ethics-centered approaches
such as water conservation campaigns and participation, monitoring compliance, and
enforcement, policy dialogues, legal actions, and other demand management measures have been
reported to improve water management performance (Liu et al., 2009; WGF, 2000, 2016).
Conversely, unlawful human activities are reportedly linked to the deterioration of the water
sector (Plummer & Cross, 2006; Hermann-friede et al., 2014; SABPP, 2013; WWAP, 2017). The
majority of the current water management policies were developed based on utilitarianism
(Miller, 2007). To develop robust and sustainable water management policies, human and water
systems need to be studied and analyzed in tandem thereby assessing the impact of various
anthropogenic activities on water systems, as envisioned in the concept of socio-hydrology
(Sivapalan et al., 2012; Montanari et al., 2013). As expounded in the fields of water and
environmental ethics (Groenfeldt, 2010; 2013; Odume & De Wet, 2016), socio-hydrology also
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seeks to attain sustainable water management by ensuring the needs of both humans and the
ecosystem.

It has been reported that the power of technology in modifying the world, could increase peoples’
propensity for unlawful activities, making ethics increasingly important in the 21% century
(UNESCO, 2013). Ethics are the codes of conduct governing human activities which involves
methodizing the concept of right and wrong conduct, as reflected in people's actions (Ssonko,
2010). Applying the concept of ethics can take care of ethical issues from technical, environmental,
economic, social, and climate change impacts such as floods and droughts, thereby creating
credibility and uniting people through sound leadership. When a society attains these values, the
ethical climate is said to have prevailed, and positive responses are always expected from that
society. The ethical climate of a given organization is the overall view of the moral atmosphere
within that organization (Trevifio et al., 2006). It is therefore desirable that such ethical/moral
atmosphere is created in the management of water especially during poor hydrological
conditions (droughts).

Water users have been blamed for aggressive habits toward maximizing usage especially during
resource shortfall due to drought, which commonly leads to resource failure (Ostrom et al., 2002).
The majority of the water users are known to operate for maximizing production (profit) and can
be viewed through the lens of egoism ethical theories — actions based on self-interest to maximize
utility (Persky, 1995; Monroe, 2001; Miller, 2009). Hence, there is a need to consider human
behavior and actions as an integral part of the water management component (Odume & de Wet,
2016; Shanono & Ndiritu, 2020). One of the causes of changing human behavior is the perception
of risk which was considered as an inherent part of decision-making (Williams & Noyes, 2007).
According to Kinzig et al. (2013), the perceived level of risk by a given society can interrupt and
change that society's established norms and values (behavior). Several studies have been
conducted on the impact of human activities on water resource systems, or how people respond
to hydrological extremes (floods and drought). However, it is only recently that the impacts
resulting from the interactions and feedbacks between humans and water have been formalized
(Sivapalan et al., 2012). For example, in years of drought, farmers’ risk perception is expected to
intensify which can drive users to disobey the water sharing rules (N.J. Shanono, 2020). This
theory of human-drought interaction if further studied could contribute toward answering
science question 2 of Panta Rhei (McMillan et al., 2016; Montanari et al., 2013). The question stated
that: “How do changes in hydrological systems interact with, and feedback to both natural, and social sub-
systems driven by hydrological processes?”

3. HUMAN-DROUGHT INTERACTIONS: EXPERIENCE FROM CASE STUDIES

Reservoir yield analysis is a technique for assessing yield potential under the anticipated range
of varying conditions such as hydrological and infrastructural constraints, reliability of supply,
and operating rules (McMahon et al., 2006; Shanono et al., 2015). In conventional reservoir yield
analysis, it is typically assumed that yield falls below target draft only in times of drought, but
this is not always the case as human activities, such as unlawful water abstractions, can also affect
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yield significantly. When a water year experienced drought conditions, reservoir operators
responded by implementing various adaptive strategies, such as imposing supply restrictions. In
restriction periods, some users are expected to comply, whereas other users could decide to
abstract water unlawfully (Shanono et al., 2019). Such human-drought relationships could
significantly impact reservoir yield performance. Thus, a decrease in reservoir storage is expected
to generate concern that can change the state of water users' level of risk perception. Awareness
campaigns and law enforcement, in addition to whistleblowing by co-water users, can help
reduce these problems.

A case in point is that Di Baldassarre et al., (2017) developed a model that simulates and relates
the co-evolution of water abstraction from a reservoir and hydrological extremes (floods and
droughts). The model revealed how reservoir storage changes due to human activities
characterized by massive water withdrawals amid resource shortfall (drought) or less water
withdrawal in time of excess water (flood). Other studies have also discovered that the increased
severity of drought increases the rate at which water is abstracted, due to the perceived threat to
users' quality of life (Elshafei et al., 2014; Firoz et al., 2017). According to Elshafei et al., (2014)
whenever the available amount of water decreases, and water users become well aware of the
situation, the users' perceived risk increases. Also, the drier and hotter a year is, the higher the
evapotranspiration, and thus the higher the crop water requirement becomes (Abbas &
Chowdhury, 2016). This will instigate irrigation water users to demand more water, which could
enhance their concern over a perceived water shortage. Therefore, it can be ascertained that the
hydrological state can change the level of irrigation users' perceived threat to their farming
activities, and financial state. Such changes in the users' risk perceptions are also expected to
subsequently change their level of compliance with the water allocation rules. Hence,
hydrological conditions can affect users' perceived threat, which can generate more concern, and
subsequently, change their compliance behavior.

Another case in point, which can be linked to the dynamics of human-drought interaction, is the
well-known 2016 water scarcity crisis of the city of Cape Town, South Africa. Water conservation
and water demand management (WC-WDM) measures were implemented, and a considerable
reduction in consumption was recorded from 2011 to 2014. It was then presumed that no water
resource development was needed until 2024 if water users in the city maintained this behavior.
However, in 2015, the city's water consumption significantly increased, due to a change in users'
behavior with regard to the WC-WDM measures. The situation was also suspected to have been
exacerbated by the failure to impose restrictions on time, and over-abstraction by agricultural
users due to perceived risk as a result of a prolonged drought condition in that year (Muller,
2017). This reveals that the interplay between humans and drought is highly uncertain but
essential to be incorporated into both water management strategies and operations.

Sub-Saharan African countries such as South Africa and many other countries across the globe
are water-stressed, due to several factors including droughts, socio-economic growth, unlawful
water uses, and excessive operational losses. Studies revealed that South Africa's demand-supply
deficit could reach 17% by 2030 if the demand continues to grow at the current rate (DWS, 2018;
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Colvin & Muruven, 2017). This agrees with the assertion that water demands are expected to
escalate in countries with emerging economic development, due to not only demand dynamics
but also drought impacts coupled with unavoidable human behavior (WWAP, 2018). Although
some non-structural risk reduction measures like WC-WDM are in place in some countries, there
is a need to dynamically consider the impacts of anthropogenic activities relating to water use.
To achieve this, the causes and effects of human responses to hydrological extremes (droughts
and floods) need to be explored, well-understood, and realistically incorporated into analysis for
decision support. It is important to note that the primary cause of this problem is resource
shortfall (drought), which is linked to the escalation of water consumption due to users’” perceived
threat to their quality of life (van Oel et al., 2008; Elshafei et al., 2014; Firoz et al., 2017). Also,
ineffective water laws enforcement and other situational factors related to water users,
surveillance systems, and other infrastructural constraints contributed immensely to this
problem.

Other human factors that directly represent the level of users' moral awareness, understanding,
and cooperation, especially in drought periods need to be considered. Moral or ethical awareness
is the ability of an individual to identify his deliberate action, and figure out what consequences
that action could cause to others, and understand his instinctive feelings (De Cremer et al., 2010).
Humans' decisive actions, which can have positive or negative impacts, can be categorized as
either ethical or unethical respectively (Cameron et al., 2004). Ethical decision-making and action
is the people's will to adhere to commonly accepted rules, as in allocating valuable resources such
as water. Thus, for an individual to make a decision that is ethical or not, depends on whether
that individual is morally aware of the consequences (Tenbrunsel & Smith-Crowe, 2008). Such a
decision can lead to either moral or immoral practices and depends on an individual's motives
(self-interest or fairness), shaped by some inherent factors (Tenbrunsel & Smith-Crowe, 2008; De
Cremer et al., 2010). These factors comprise culture, awareness or knowledge, religion, social well-
being, and other societal value-related attributes known to shape individuals' moral thinking,
and actions (Trevifio et al., 2006). These socio-cultural values are known to influence how new,
and innovative policies are received, and adopted by indigenous societies (Akiwumi, 1998). These
factors also affect personality characteristics such as trust or distrust, as in accepting and
complying with newly introduced natural resources conservation and sharing policies (Rim-
Rukeh et al., 2013).

4. CONCLUSION

Although considerable studies on the effect of human behavior on water management have been
conducted both in research and in practice, its impact on water management is rarely modeled
and quantified. Also, the effectiveness of a given water management policy can have impacts on
human behavior, it is only recently that research on the interactions, feedbacks, and co-evolution
of the coupled human-water systems has been formalized and termed as socio-hydrology. A
model that simulates water management operation whilst coupling the impact of humans
quantitatively would be a valuable tool for prudent decision-making. Globally, there are different
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approaches to water management-related studies, such as environmental management, socio-
economic, climate change, and policy perspectives. However, the effectiveness with which water
is being managed and utilized with due consideration to the impacts of human behavior is
missing in the earlier and current literature. Realistic incorporation of the concepts of ethics into
irrigation and other water management operation can help in achieving the water management
goals. This is in line with the calls to explicitly incorporate ethical issues (social) into the water
resources management (hydrology), and the recent call to the socio-hydrologists to broaden the
modeling to the level of individuals' intention and action. This paper identified the impact of
human unlawful activities as the missing link that if not quantitatively incorporated could render
irrigation and other water management sectors unproductive. Thus, it is recommended to be
incorporating the impact of human activities on irrigation and other water management
performance quantitatively.
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