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Abstract

This chapter addresses the use of partial least squares–structural equation modeling
(PLS-SEM) to determine the requirements for an effective development of water
resource management frameworks. The authors developed a quantitative approach
using Smart-PLS version 3 to reveal the views of different experts based on their
experiences in water-related adaptation to climate change in the Lake Victoria Basin
(LVB) in Uganda. A sample size of 152 was computed from a population size of 245
across the districts of Buikwe, Jinja, Mukono, Kampala, and Wakiso. The chapter
aimed to determine the relationship among the availability of legal, regulatory, and
administrative frameworks, public water investment, price and demand manage-
ment, information requirements, coordination structures, and analytical frameworks
and how they influence the development of water resource management frame-
works. The findings revealed that the availability of legal, regulatory, and adminis-
trative frameworks, public water investment, price and demand management,
information requirements, and coordination structures had significant and positive
effects on the development of water resourcemanagement frameworks. Public water
investment had the highest path coefficient (β ¼ 0.387 and p ¼ 0.000), thus
indicating that it has the greatest influence on the development of water resource
management frameworks. The R2 value of the model was 0.714, which means that
the five exogenous latent constructs collectively explained 71.4% of the variance in
the development. The chapter suggests putting special emphasis on public water
investment to achieve an effective development of water resource management
frameworks. These findings can support the practitioners and decision makers
engaged in water-related adaptation to climate change within the LVB and beyond.

Keywords

Climate change · Lake Victoria Basin · PLS-SEM · Water resource management
frameworks

Introduction

Background

There is an increasing pressure on water resources in the Lake Victoria Basin (LVB)
due to rapid population growth, increased urbanization and industrialization,
uncontrolled environmental degradation, and pollution (Dauglas et al. 2014;
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Bakibinga-ibembe et al. 2011). These pressures still remain as a big challenge to the
sustainable management of water resources (Mongi et al. 2015). Moreover, the LVB
remains to be an important water resource for five countries, namely, Uganda,
Kenya, Tanzania, Rwanda, and Burundi. The LVB is the largest freshwater lake in
Africa with a surface area of 68,800 km2. It provides resources for fishing, agricul-
ture, medicine, forestry, water transport, and other economic activities (Odongtoo et
al. 2018). Its surrounding area is affected by increasing commercial activities and
inadequate provision of sanitation services, among others (Okurut 2010; Wafula
et al. 2014). These affect the landscape and water resources around the lake, making
the water unsuitable for use.

According to Oyoo-Okoth et al. (2010), there is a combination of four analyzed
heavy metals in the water samples of the LVB showing similar presence of heavy
metal in the waters within the lake. This can be attributed to the fact that human
activities, such as industrialization and agricultural practices, seriously contribute to
the degradation and pollution of the environment, which adversely affect the water
bodies, as noted by Devi et al. (2018). Increased human activities, such as poor land
use, uncontrolled abstractions, and water pollution, greatly reduce the quantity and
quality of the available water resources.

Globally, water resources are facing severe degradation due to pollution and
inefficient water resource management strategies (Wang et al. 2015). It has been
reported that water pollution causes approximately 14,000 deaths per day, mostly
due to drinking water contamination caused by untreated sewage in developing
countries (Devi et al. 2018). Rinawati et al. (2013) argued that these challenges
create potential major threats to global biodiversity around water bodies, such as the
LVB. The above authors further observed that this is true of the biodiversity around
LVB as noted by Case (2006). The most recent statistics show that cities and small
towns within the LVB are rapidly growing (Dauglas et al. 2014). The best examples
of the growth pattern of towns and cities can be observed in Mwanza in Tanzania,
Jinja and Port Bell in Uganda, and Kisumu in Kenya. Both population growth and
urbanization have negative impacts on the quality and quantity of water resources.
Some of these impacts include eutrophication and siltation, in addition to water
pollution, as a result of increased runoff from bare lands as deforestation persists
around the LVB (Ondieki 2015). Muhweezi (2014) also noted that biodiversity and
ecosystem-specific goods and services around the LVB are likely to be adversely
affected in the future by water pollution. It can be inferred that these challenges
revolve around poor management of water resources. Failure to address such
challenges will cause serious problem to the lives of many people who depend on
the LVB.

Poor management of the scarce water resources can lead to climate change.
The climate is continuously changing and is getting worse over time. Moreover,
extreme weather conditions are occurring more frequently than before, thus
negatively affecting the agricultural sector, consequently leading to food short-
ages. Farmers from different age groups acknowledge an increase in tempera-
ture, and they agree that the temperature is increasing with time (Mongi et al.
2015).
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According to Leal et al. (2015), water is one of the essential resources for
human being, and its availability has great impacts on the environmental, polit-
ical, and economic situations. This means that water resources have to be man-
aged well. Water resource management is the activity of planning, developing,
distributing, and managing the optimum use of water resources (Okurut 2010).
Ssozi et al. (2015) defined water resource management as the development of
political, social, economic, and administrative systems to develop and manage
water resources. According to the technical committee of the Global Water
Partnership, Integrated Water Resources Management (IWRM) is a process that
promotes the coordinated development and management of water, soil, and other
related resources to maximize the resultant economic and social welfare in an
equitable manner without compromising the sustainability of vital ecosystem
(ITU-T 2010).

Analytical Framework

Water resource management has been recently developed due to the improvement
in water technology, natural events, economic developments, and changing social
needs. The current trend in water management changed from technical to a
combination of technical and sociopolitical perspectives (Demetropoulou et al.
2010). This led to an increase in stakeholders and public participation. It is
therefore necessary to establish a framework to guide practitioners and managers
in water resource management. For managers and decision makers to conduct
good analysis, it is necessary to use analytical frameworks to promote logical
thinking in a systematic manner.

Adaptation and ICT Frameworks

According to Akoh et al. (2011), the frameworks of Information and Communication
Technology (ICTs) in mitigating climate change and adaptation are still relatively
new. Frameworks on adaptation to climate change can be considered in three ways:
first, to emphasize the potential of ICTs to reduce vulnerability to climate change by
building resilience; second, to focus on delivering different types of information
needed to achieve effective climate change adaptation; and third, to emphasize a
disaster risk management framework focusing on the reduction of community
vulnerabilities and management and recovery from emergencies as they arise.

According to the 1992 Dublin Conference on water and the Rio de Janeiro
Summit on sustainable development (White 2013), the four key principles adopted
were as follows: first, freshwater is a finite and vulnerable resource essential to life,
development of irrigation, industrial and transport sector, and the environment;
second, water development and management should be based on a participatory
approach, involving users, planners, and policy makers at all levels; three, women
play a central part in the provision, management, and safeguarding of water; and
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fourth, water has an economic value in all its competing uses and should be
recognized as an economic good.

Objective

The objective of this chapter was to apply a PLS-SEM to evaluate the requirements
for the development of water resource management framework in water-related
adaptation to climate change in Uganda’s side of the LVB.

Methods

In evaluating the requirements for the development of water resource management
framework in water-related adaptation to climate change, PLS-SEM was used. The
proposed model was analyzed in two different stages: first, the model was composed
of measurement models that define the relationship between latent indicators and
their manifest variables, and second, a structural model showing the relationship
between the manifest variables. A total of 24 factors which were obtained from the
literature review were named as the observed variables and were divided into six
groups: availability of legal, regulatory, and administrative frameworks, analytical
framework, public water investment, information requirements, coordination struc-
tures, and pricing and demand management. These six groups were called exoge-
nous latent constructs. Thus, an effective water resource management framework is
influenced by the six major constructs.

Study Hypotheses

Based on the objectives of the research, the hypothesized model was developed.
Quantitative data to test the hypothesis was collected from experts in water
resource sectors and was subjected to Smart-PLS test. Some of the hypotheses
passed the test and were therefore accepted, whereas the others that failed the test
were rejected. Hypothesis 1 (H1): Availability of legal, regulatory, and adminis-
trative frameworks has a significant and positive effect on the development of
water resource management frameworks. Hypothesis 2 (H2): Analytical frame-
work has a significant and positive effect on the development of water resource
management frameworks. Hypothesis 3 (H3): Public water investment has a
significant and positive effect on the development of water resource management
frameworks. Hypothesis 4 (H4): Information requirements has a significant and
positive effect on the development of water resource management frameworks.
Hypothesis 5 (H5): Coordination structures has a significant and positive effect on
the development of water resource management frameworks. Hypothesis 6 (H6):
Pricing and demand management has a significant and positive effect on the
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development of water resource management frameworks. This hypothesis design
was adapted from Shahid et al. (2018).

Data Collection

The data collection procedures involved three important phases. In the first phase,
preliminary variables were obtained to formulate hypotheses using the materials in
the review of literature, such as books, journals, and conference materials. In phase
two, a pilot study was conducted to ensure consistency and completeness to help
modify the questionnaire. Lastly, the questionnaire survey was conducted to obtain
the opinion of the respondents. This study procedure was adapted from Shahid et al.
(2018). Data collection was performed in the Buikwe, Jinja, Mukono, Kampala, and
Wakiso districts in Uganda. The above districts were chosen based on the fact that
those areas heavily depend on the LVB and at the same time were immensely
affected by the decline in water resources. The key stakeholders that were engaged
in this chapter included employees from the LVB Commission, the LV Fishery
Organization, District Environmental Officers, District Forestry Officers, NEMA,
Ministry of Water and Environment, National and Regional Policymaking and
Communication Organs, and key community leaders. To calculate the sample size,
Slovin’s formula was used, n ¼ N

1 þ Ne2
, where n denotes the sample size, N denotes

the population size, and e denotes the error margin. The population size of 245 was
used with a confidence interval of 95% and error margin of 5%, generating a sample
size of 152.

The questionnaire was composed of two sections. Section one consisted of the
respondents’ personal information. Section two consisted of variables appropriately
grouped into six categories based on the nature of the measurements/constructs:
availability of legal, regulatory, and administrative frameworks (LRA), analytical
frameworks (AF), public water investment (PW), information requirements (IR),
coordination structures (CS), and pricing and demand management. The question-
naires were administered to different stakeholders with an experience of more than
5 years in the water resource sector, such as executives, managers, water engineers,
and IT officers. During the 4 months of study, valuable opinions from experts were
obtained and incorporated in the model.

Data Analysis

The hypothesized structural model was analyzed using Smart-PLS version 3. Smart-
PLS has advantages over other regression-based methods: First, it is capable of
evaluating several latent constructs with various manifest variables and is considered
as the best technique for multivariate analysis (Shahid et al. 2018). Second, it is
suitable for evaluating the constructs when the sample size is less than 200 in
comparison with other SEM software, such as AMOS, which require a sample size
of more than 200. In this specific chapter, the sample size was 152 and therefore
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justifies the use of Smart-PLS. Smart-PLS involves a two-step procedure, namely,
evaluation of the outer measurement model and evaluation of the inner structural
model (Henseler et al. 2009).

Results and Discussion

Respondents’ Profile

Table 1 shows the demographic information of the respondents. The respondents
were selected from a wide range of professionals engaged in the water resource
sector. About 61.8% of the interviewed experts were male. Majority of the
interviewed individuals were in the middle age group (30–39 years) (34.9%),
followed by the young age group (20–29 years) (31.6%), (40–49) years were
23.7%. Those aged 50 years and above only accounted for 9.9% of the total
population. This research is part of a bigger study conducted to develop a water
resource management ICT model in the LVB.

Table 1 Demographic
information

Response item Count Percent

Gender Distribution

Female 58 38.2

Male 94 61.8

Total 152 100.0

Age Group

20–29 years 48 31.6

30–39 years 53 34.9

40–49 years 36 23.7

50–59 years 14 9.2

Above 59 years 1 0.7

Total 152 100.0

Qualification

PhD 4 2.6

Masters 68 44.7

Bachelors 67 44.1

Diploma 13 8.6

Total 152 100.0

Designation

Manager/Administrator 33 21.7

Staff/Employee 100 65.8

Systems Administrator 8 5.3

Client/Customer 1 0.7

Total 152 100.0
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Demographic Information of the Respondents

In Table 1, the highest percentage (44.7%) of the respondents have acquired master’s
degree, followed by bachelor’s degree (44.1%), diploma (8.6%), and PhD (2.6%).
The highest category of workers (65.8%) was staff/employee, followed by man-
agers/administrators (21.7%), system administrators (5.3%), and ICT technicians
(6.6%).

The level of education, the designation, the age, and the sex have significant
effects on the perception of a person with regard to information. Older people tend to
have more experiences, whereas highly educated ones display more in-depth knowl-
edge on the subject matter of research. A low level of education has an impact on the
use and adoption of technologies. The designation status is related more to the skills
in the management of water resources. This promoted trust on the outcome of this
study.

Evaluation of Outer Measurement Model

Outer Loading
In order to determine whether what was hypothesized was in line with the collected
data, PLS-SEMwas employed. PLS-SEM is very suitable for theory building and for
examining the complex relationship of the models. The outer measurement model
was used to calculate the reliability, internal consistency, and validity of the observed
variables together with the unobserved variables (Gabriel et al. 2016). Consistency
evaluations were based on a single observed and construct reliability tests, whereas
convergent validity and discriminant validity were used for validity assessment. The
observed variables with an outer loading of at least 0.7 are acceptable and should
therefore be retained, whereas those with values less than 0.7 should be dropped
(Shahid et al. 2018; Smith et al. 2014). From Table 2, the outer loadings of the
retained variables ranged between 0.819 and 0.917 which are more than 0.7 and

Table 2 Construct reliability and validity

Main constructs Item
Outer
loading

T-
statistics CR AVE

Availability of legal, regulatory, and
administrative Frameworks

LRA2 0.799 12.766 0.812 0.683

LR3 0.853 16.156

Coordination structures CS2 0.773 10.034 0.839 0.724

CS4 0.922 40.008

Information requirements IR1 0.890 34.942 0.886 0.796

IR2 43.681 43.681

Public water investments PWI1 13.500 13.5 0.742 0.591

PWI3 9.463 9.463

Price and demand managements PDM2 14.359 14.359 0.810 0.681

PDM3 19.859 19.859
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therefore valid. The variables, namely, collection and allocation, reuse of waste
water, and water resource management, were dropped since their outer loading
were below 0.7. Composite reliability (CR) was used for internal consistency
evaluation in the construct reliability.

Average Variance (AVE)
To establish convergent validity on the construct, average variance extracted (AVE)
is normally used. It is the grand mean value of the squared loadings of the indicators
associated with the construct and is the sum of the squared loadings divided by the
number of indicators. An AVE value of at least 0.50 shows that the construct
explains more than half of the variance of its indicators (Hair et al. 2011). As
shown in Table 2, the AVE values are greater than 0.5; therefore, both their
convergent validity and internal validity are acceptable for this measurement
model. In Table 3, the cross-loading of all observed variables are greater than the
inter-correlations of other constructs in the model. The Fornell–Larcker criterion is a
very good approach for assessing discriminant validity. It compares the square root
of the AVE values with the latent variable correlations. The square root of each
construct’s AVE should be greater than its highest correlation with any other
construct (Shahid et al. 2018). Therefore, these findings confirmed the cross-loading
assessment standards which provided acceptable validation for the discriminant
validity of the measurement model.

Using the t-test approach, some of the items that measure each construct were
either retained or dropped, depending on whether the t-values are more or less than
2.76. The t-values must be greater than 2.76 for it to be retained as a measure for the
variable (Hair et al. 2013; Shadfar and Malekmohammadi 2013). In Table 2, all the t-
values of the retained items in measuring each construct are greater than 2.76.

Table 3 Discriminant validity for water resource management frameworks

LRA CS IR PDM PDM

Availability of legal, regulatory, and administrative
frameworks (LRA)

0.827

Coordination structures (CS) 0.615 0.851

Information requirements(IR) 0.092 0.135 0.892

Price and demand management (PDM) 0.532 0.575 0.072 0.825

Public water investment (PWI) 0.029 0.067 0.308 0.054 0.769

Table 4 Path coefficient

Hypothesized path Standardized β P-values

Availability of legal, regulatory, and administrative frameworks 0.244 0.000

Coordination structures (CS) 0.206 0.001

Information requirements(IR) 0.335 0.000

Price and demand management (PDM) 0.211 0.000

Public water investment (PWI) 0.387 0.000
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Estimation of Path Coefficients (b) and P-values
The significance of the hypotheses was tested by calculating the beta (β) values. The
β values indicate the measure of the effect the variable has on the model. The higher
the values, the stronger the effect, and it is always <1. As shown in Table 4, both the
β and p values of every path in the hypothesized model were calculated.

In (H1), researchers hypothesized that availability of legal, regulatory, and admin-
istrative frameworks would significantly and positively influence the development of
water resource management frameworks. The findings in Table 4 and Fig. 1 confirm
that Availability of Legal, Regulatory, and Administrative Frameworks of water-related
factor significantly influenced the development of water resource management frame-
works (β¼ 0.244, p< 0.000). Hence, H1 was excellently confirmed. Furthermore, the
findings from Table 4 and Fig. 1 hypothesized that the (H3) public water investment-
related factor positively influenced the development of water resource management
frameworks (β ¼ 0.387, p < 0.000), showing that (H3) was effectively approved.
Information requirements (IR) significantly and positively influenced the development
of water resource management frameworks (β ¼ 0.335, p < 0.000). Coordination
structure (CS)-related factor was positive and significant (β ¼ 0.206, p < 0.001), thus
greatly supporting. The effect of price and demand management-related factor
(β ¼ 0.211 p < 0.000) was also confirmed, thereby supporting (H6). The greater the
β coefficient, the stronger the effect of an exogenous latent construct on the endogenous
latent construct. Analytical frameworks were dropped from the list because they failed
both the t-test and the outer loading test.

Fig. 1 The graphical
representation of all path
coefficients of the water
resource management
frameworks
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The R2 value of the model was 0.714, which means that the five exogenous latent
constructs collectively explained 71.4% of the variance in the development of water
resource management frameworks. The study suggests putting special emphasis on
the public water investment factor to achieve an effective development of water
resource management frameworks. These findings can support the practitioners and
decision makers engaged in water-related adaptation to climate change within the
LVB and beyond.

Limitation of the Study
The limitation and constraint of the chapter came from the fact that it was not
possible to visit all the countries of the East African Community due to logistical
constraints. This will be part of the future works when the current logistical con-
straints are solved.

Business Benefit

In accordance with the complete analysis of the measurement models and structural
model, some of the hypotheses were statistically significant and hence were
accepted, whereas the others failed the analysis. The results of this chapter support
a richer and accurate picture of the factors influencing the development of effective
water resource management frameworks. It is therefore important to consider the
availability of legal, regulatory, and administrative frameworks, coordination struc-
tures, information requirements, price and demand management, and public water
investment factors in the development of effective water resource management
frameworks. The information obtained from this chapter will also enrich the body
of knowledge that will benefit other researchers in the field of water resource
management.

Conclusion, Recommendation, and Future Research

Conclusion

The key contribution of this chapter was the empirical identification of the constructs
that can influence the development of effective water resource management frame-
works and also the investigation of the fundamental issues affecting the constructs
observed by water experts in the LVB. The results of the chapter revealed that
availability of legal, regulatory, and administrative frameworks, coordination struc-
tures, information requirements, price and demand management, and public water
investment had significant positive effects on the development of water resource
management frameworks. This therefore suggests that emphasis should be put on the
above variables. The final results of the partial least squares–structural equation
modeling revealed that public water investment had the highest path coefficient
(β ¼ 0.387), thus indicating a major influence on the water resource management
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frameworks. Therefore, water resource managers should pay more attention to
public water investment factors during the development of water resource manage-
ment frameworks.

Recommendation

This chapter recommends that for a successful development of water resource
management frameworks, emphasis should be put on availability of legal, regula-
tory, and administrative frameworks, coordination structures, information require-
ments, price and demand management, and public water investment. Since public
water investment had the highest path coefficient (β ¼ 0.387) with a major overall
influence on the development of water resource management frameworks, more
emphasis should be put on it.

Lesson Learned and Future Studies

This chapter revealed that majority of the people engaged in different activities
around the LVB are unaware of the dangers posed by their economic activities.
Moreover, the local leaders lack effective and efficient means of disseminating and
sharing information on the LVB and the impact of human activities on ecosystems,
biodiversity, and water resources.

Future Studies

The areas for further research may focus on the study of how effective water resource
management frameworks influence the design of an effective water resource man-
agement ICT model for an integrated water resource management of the LVB .
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