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Abstract 

Like most of the developing countries, Zimbabwe continues to face critical piped water shortages. In this paper, the authors 

present a GIS framework for mapping, monitoring and real-time leakage detection in water distribution networks to transform a 

water scarce community into a water secure community. It was conducted under guidance of the following objectives of 

developing a geographic information system framework that can be used to reduce the treated water losses along the water 

distribution channel by Masvingo City and evaluating the usefulness of geographic information system and water pressure 

sensors in reducing real/physical water losses and improving water supply within the City of Masvingo. The study sought to 

ascertain the relationship between water losses and factors such as Leak run time and Leak awareness time against the presence 

or absence of a real time leak detection mechanism. It employed design science, descriptive survey research methodology with 

both quantitative and qualitative research designs culminating into the formulation of a GIS framework for water network 

monitoring and real-time leak detection. The study targeted a population inclusive of the workers and registered water consumers 

of City of Masvingo water supply scheme. Pearson correlation was used to measure the degree of association between variables 

under consideration i.e., independent variables and the dependent variables. Total leak run time (Hours) and Water loss (Mm3) 

had a positive correlation (Pearson correlation coefficient = .941). Leak age before reporting and Water loss (Mm3) had a strong 

correlation (Pearson correlation coefficient = .942). The regression equation y = 0.331x + 0.189 was obtained which showed that 

a unit increase in a water leak run time will lead to a 0.331 i.e., 33% increase in the water loss added to a constant loss of 0.189 

i.e., 19%. From the study’s findings a GIS framework applied reduced Average Leak awareness time by 100% through real time 

leak detection however it did not reduce Average Leak repair time. The results showed that the framework reduced Total Water 

Loss by 30% in the water supply network. Based on the study findings it is suggested that; City of Masvingo should make use 

of GIS and sensors to monitor the water supply chain and detect leakages in real-time. The study recommended that a similar 

study be carried out in other local authorities to establish and appreciate the role of ICT specifically QGIS and sensors in water 

resources management. 
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1. Introduction 

Efficient, reliable and sustainable supply of piped water to 

commercial, industrial and domestic consumers, at an ac-

ceptable pressure and with the minimum real / physical loss 

through leakage is a key objective for all water supply utilities. 

It is notable that piped water remains scarce because of real or 

physical losses through leaks along the water supply and dis-

tribution channel globally and in Zimbabwe particularly in the 

City of Masvingo. Such real or physical water loss along the 

water supply chain through leakages has created water-scarce 

communities where consumers live with less water than they 

require. This despite raw water sources such as dams and lakes 

holding enough water or much effort being put in treating the 

raw water such that if all what is treated is made available 

without any losses, it will sustain the population. The discus-

sions on the need for a solution to ensure that all the water 

treated from raw water sources is made available and reaches 

the points of consumption without being lost in transit must 

be devised. The suggested solution, which is a GIS framework 

considerably reduces the water lost along the water supply 

channel through mapping and real time monitoring of the 

whole water supply network and leak detection using water 

pressure flow sensors to allow a quick leak repair to reduce 

the loss. The reduction in physical or real water losses will 

create a water-secure community where a reliable and sustain-

able piped water supply is guaranteed. 

2. Background 

Masvingo City can be defined as a water-scarce community 

where many people are living with less water than they need, 

whether it is for consumption, industrial or agricultural pur-

poses, [21]. The availability of water to consumers depends on 

the balance between amount supplied and the amount in de-

mand. Treated water remains scarce in Masvingo City eco-

nomically because of an absence of interest in framework, in-

novation or inadequate human ability to reduce the physical 

or real treated water losses through leakages along the water 

supply and distribution channel. The only provider of treated 

and piped water to the Masvingo urban community, Masvingo 

City Council, is faced with the challenge of economic water 

scarcity resulting from poor management of the water distri-

bution channel. The demand for treated water in urban com-

munities, particularly Masvingo City, has always exceeded 

supply due to the growing population in urban areas through 

urbanization, loss of treated water before it reaches the con-

sumers owing to burst pipes and poor water management in 

the town. Much of the treated water is lost before reaching the 

consumers in form of non-revenue water through real or phys-

ical water loss caused by pipe leakages. Several efforts have 

been made to reduce water scarcity including supply manage-

ment strategies such as supplying water to residents in bow-

sers at some designated water collecting points and demand 

management such as water usage restrictions, pricing and ra-

tioning. However, these efforts have not been innovative 

therefore the community continues to face water scarcity as 

the water supply remains lower than demand. This has called 

for an exploration to find innovative information system strat-

egies such geographic information system which will be use-

ful in reducing the water losses along the water supply chain, 

improving the water supply side and making Masvingo City a 

water-secure community. 

2.1. Equations 

Within Masvingo City community, at least 40% of treated 

water is lost along the water supply and distribution channel 

through leakages before reaching households. This is evi-

denced in [34] that out of 25 mega litres of treated water being 

pumped daily at the Bushmead Water Works only 15 mega li-

tres manage to reach the rate payers. Efforts that have been put 

to deter/reduce water loss along water distribution channel in-

clude less innovative strategies such as periodic physical in-

spections of pipe leaks along the water distribution channel 

for repairs during the day. The possible causes of the physi-

cal/real water losses in transit along the water supply chain are 

leaks because of ageing water supply and distribution infra-

structure, pipes leakages and human intentional pipe break to 

draw water for free. The physical/real loss of treated water has 

caused water shortages affecting both the domestic and indus-

trial water consumers. This has also affected the Council in 

terms of reduction in water revenue as some treated water is 

lost without being paid for by the consumers translating to fi-

nancial losses to the Council. These water shortages have been 

evidenced by some areas in Masvingo receiving water for few 

hours between 2am and 6am, while some are completely dry 

as the city grapples with strict water rationing, [18] and an in-

crease in non-revenue water to 40% from 2018 to 2019. This 

then justifies the need for a study which will come up with a 

geographic information system framework that will reduce 

water losses along the supply chain to improve its supply to 

the consumers. 

2.2. Research Questions 

1) How can geographic information system framework be 

used to reduce the water losses treated along the water 

distribution channel by Masvingo City? 

2) How useful is geographic information system and water 

pressure sensors in reducing real/physical water losses 

and improving water supply within the City of Masvingo? 

3) What challenges does the Council face in the implemen-

tation of ICT in the management and distribution of wa-

ter? 
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2.3. Research Aim 

The aim of this study is to come up with a generic GIS 

framework for mapping and real-time leakage monitoring and 

detection in water distribution networks to transform a water 

scarce community into a water secure community. 

2.4. Research Objectives 

This aim of the study can be achieved through the following 

sub-objectives: 

1) To develop a geographic information system framework 

that can be used to reduce the treated water losses along 

the water distribution channel by Masvingo City. 

2) To evaluate the usefulness of geographic information 

system and water pressure sensors in reducing real/phys-

ical water losses and improving water supply within the 

City of Masvingo. 

3) To examine the challenges faced by the Council in the 

implementation of ICT in the management and distribu-

tion of water. 

3. Literature Review 

Research gap 

Various studies have been carried out looking into loss of 

treated water along the water supply chain as a challenge to the 

various communities, causing acute water scarcity. The studies 

investigated water scarcity or shortage as a situation where wa-

ter supply is less than the demand because of various factors 

such as non-revenue water which includes real/physical losses 

along the water supply chain. Studies have revealed that strat-

egies to improve water supply were traditional in nature as they 

did not make any contribution to the water supply chain. These 

includes a traditional way of carrying water bowsers to the peo-

ple at various water collecting points, water rationing and wa-

ter pricing. Some studies such as [29] put much emphasis on 

traditional methods of water supply strategies such as roof wa-

ter harvesting for drinking, fog water harvesting, quality man-

agement and low-cost water treatments where technology 

plays little or no role. Most of the approaches to water loss 

management in the literature are passive approaches. These 

passive approaches relied solely on engineering and repairing 

solutions on significant or reported leaks. However, there is 

need for innovative approaches which are proactive focusing 

on the improvement of water supply through prevention of wa-

ter losses and improving on the water supply efficiency 

through ICT not just engineering or traditional approaches. [6] 

proposed improvements in quality water supply (sanitation) 

through emergency response programs, through agencies and 

education initiatives but this does not deal with the water sup-

ply chain. [13] carried out a study on prepaid water meters in 

Nakuru, Kenya on how it improves water supply. According 

to [13], communal prepaid meters (CPM) were installed in 

Nakuru to improve the quality of water service delivery to 

15,000 people in the six low-income settlements in Nakuru. 

The study showed that the prepayment system did not improve 

the supply as such but suppressed demand through reduction 

in unmetered consumption, inaccuracies in registration of wa-

ter meters and illegal consumption. In this case there were 

fewer improvements in the supply side of water. 

Potential contribution 

This study therefore seeks to find innovative strategies 

which are technical oriented and proactive` where ICT is used 

to improve water supply through improvements in both water 

demand and supply chain management. This is unlike the tra-

ditional way of distributing water in bowsers to collecting 

points or passive approaches relying solely on engineering, 

water pricing and billing. The ICT solutions must encompass 

mapping and monitoring of the water distribution network us-

ing ArcGIS and real-time leak detection in the network 

through water pressure sensors to reduce its loss as it is dis-

tributed to the consumption points. 

The ICT strategy should deal more with economic scarcity 

of water other than physical scarcity thereby contributing to 

the - of real water loss which is a major component of non-

revenue water. 

Water scarcity in general 

Sustainable water resource management including provi-

sion of safe and adequate water supply faces enormous chal-

lenges in many countries and regions. Despite its global avail-

ability and renewable characteristic, one-fifth of the popula-

tion in the world lives under water scarcity conditions, [14]. 

Water scarcity, according to [35] refers to the lack of suffi-

cient water resources within a region to meet the demands of 

water usage and this involves water stress, water shortage and 

water crisis. They also suggest that water scarcity is both a 

natural and a human-made phenomenon meaning to say it can 

be caused either by nature or human factors, hence natu-

ral/physical and economic water scarcity. They also suggest 

that water scarcity is both a natural and a human-made phe-

nomenon meaning to say it can be caused either by nature or 

human factors, hence natural/physical and economic water 

scarcity. 

Physical water scarcity 

Physical scarcity occurs when there is not enough water to 

meet all demands, including environmental flows [11]. Arid 

regions are most often associated with physical water scarcity 

when water resources are overcommitted to various users. In 

such cases, there simply is not enough water to meet both hu-

man demands and environmental flow needs. In the case of 

Masvingo City, water from Lake Mutirikwi which is the 

source of raw water for the city is also used for irrigating sug-

arcane estates in Triangle and Hippo Valley, hence, some-

times affecting the availability of raw water for urban con-

sumption in Masvingo city, especially during dry seasons [7]. 

The City of Masvingo is situated in a drought prone area of 

agro-ecological zones IV and V, with an average rainfall of 

600mm per annum [23] and this means that by nature 
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Masvingo receives insufficient rains and is under physical wa-

ter scarcity. This means that water is by nature scarce within 

this region. The physical water scarcity is a "physical prob-

lem" that occurs when there is no water available in any form. 

Physical water scarcity can be further divided into two main 

concepts which are demand-driven scarcity (water stress) and 

population-driven scarcity (water shortage), [20]. 

Demand-driven scarcity can be measured by examining 

quantity of water withdrawn from various sources such as riv-

ers and aquifers, known as the use-to-availability index [37]. 

The shortage of water has a relationship to the number of peo-

ple that have to share each unit of water resources and can be 

measured by using the water crowding index, or the Falken-

mark water stress index which is suggested by [8]. It notable 

that various categories of water demand exist, water for indus-

trial and municipal supply being the main one then agricul-

tural use and environmental needs. 

Eco-nomic water scarcity 

Economic water scarcity is aligned to the economic chal-

lenges in relation to water supply. So economic water scarcity 

is thought of as a "money problem” meaning it occurs when 

the water is present, but it is not possible for people to use it 

because of lack of proper technology, human, financial and/or 

institutional resources. Where water is available but not suffi-

ciently easy to access [28]. Economic water scarcity is entirely 

a lack of good governance and compassion that allows water 

shortage to persist and is the most disturbing form of water 

scarcity. [32] suggests that economic water scarcity exists 

when a population does not have the necessary monetary or 

economic means to utilize an adequate source of water. 

According to [15], much of sub-Saharan Africa and devel-

oping countries suffers under the effects of economic water 

scarcity as it results from negative effects of retarded econo-

mies. Economic water scarcity means an unequal distribution 

of water resources because of various human factors, inde-

pendent of nature such as political and ethnic conflicts. 

Economic water scarcity is caused by a lack of investment 

in water or a lack of human capacity to meet the water demand, 

even where water is in abundance [3]. Economic water scar-

city symptoms include inadequate water infrastructure devel-

opment, people having challenges in getting enough water for 

domestic and other purposes; high vulnerability to seasonal 

fluctuations such as floods and drought; and inequitable water 

distribution, even when infrastructure exists. 

According to [33] economic water scarcity is due to a lack 

of water infrastructure in general or to the poor management 

of water resources where infrastructure is in place. According 

to [27], FAO estimates that more than 1.6 billion people face 

economic water shortage. In places where water is economi-

cally scarce, usually there is sufficient raw water naturally to 

meet both environmental and human needs, but access to the 

water resource is very limited. Economic water scarcity is also 

because of uncontrolled water use for agriculture or industry 

mostly at the expense of the general population. Major ineffi-

ciencies in water use because of economic undervaluing of 

water as a finite natural resource, can also contribute to its 

scarcity. 

 Nearly 25% of The World's Population Faces a Water Cri-

sis, within the past hundred years, water use has been growing 

at more than twice the rate of the human population [5]. As 

the supplies of water continues to shrink, some parts of the 

world are facing a looming crisis. 

Water loss 

Water loss is the amount of distributed drinking water that 

does not reach customers, and that water utilities therefore do 

not receive payment for [30]. Water loss is calculated as the 

percentage of the total distribution or as cubic metres per net-

work kilolitre per annum. [16] suggests that those losses in-

clude any water that has entered the networks following treat-

ment and fails to get through to consumers/customers. The 

losses are mostly from underground leaks on water-mains and 

water service pipes. 

Water loss as experienced by Masvingo city water distribu-

tion network is equated to that defined by [1] where there is 

physical escape of water from the pressurized piping system 

as leakage, an occurrence known as real losses. 

Water losses in supply systems are best known as the result 

of poor quality or degradation of infrastructure, commonly re-

ferred to as "real" losses and can be reduced through control 

and combatting of water leaks and appropriate strategies for 

renewal of network programs [24]. It is also suggested that 

there is another aspect of water loss which is "economic" or 

"apparent" losses [24]. This component arises from situations 

of losses from unauthorized use of water, such as theft, often 

reflecting urban structure (or lack thereof) and local customs, 

as well as situations of water usage without metering or tam-

pering with metering systems, inadequate metering policies or 

an asset management policy that does not sufficiently consider 

the losses from. 

Water loss can be calculated as: 

(A + L + R) [d] × flow rate [m3/d] = water lost [m3] 

Where the volume of water lost from an individual pipe 

burst does not only depend on the flow rate of the event but is 

also a function of run-time [2]. This is often overlooked. The 

leak run time comprises of three components which are: 

1) Awareness time: time until the utility becomes aware 

that there is a leak 

2) Location time: time spent to precisely locate the leak so 

that a repair job order can be issued 

3) Repair time: time between issuing of repair job order and 

completion of the repair. 

Various expressions are used to represent the term of water 

losses, such as “unaccounted-for water (UFW),” “total water 

loss,” “non-revenue water (NRW),” “non-account water 

(NAW),” “unauthorized water uses,” and “water leaks.”, [15]. 

Water loss refers to the difference between water utility’s sys-

tem input volume of water and authorized consumed volume 

of water [12]. The amount of water lost from a system can be 

determined by constructing a water balance. This is based on 
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the measurement or estimation as to the amount of water pro-

duced (taking account of any water imported and/or exported), 

consumed and lost. In its simplest form the water balance is: 

Losses = Distribution System Input – Consumption 

Water Losses (physical /Real losses) 

Physical losses (Real losses) are losses which occur because 

of storage overflow, pipe bursts and leaks [10]. According to 

[19], around 90% of water that is physically lost from leaks 

cannot be seen on the surface but in the long run the leaks 

might eventually become visible after many years, but until 

then, large volumes of water could have been lost each day. 

Sometimes, undetected leaks can be quite large, such as those 

that run directly into a sewer or a drain channel [10]. Accord-

ing to [19], the three main components of physical losses in-

clude leakage from transmission and distribution mains, leak-

age and overflows from the utility’s reservoirs and storage 

tanks as well as leakage on service connections up to the cus-

tomer’s meter. [19] stated that leakages from transmission and 

distribution mains are the major physical losses which nor-

mally occur in most distribution networks. In this study, the 

strategies proposed will be to reduce real losses which occur 

along the supply chain through leakages either on transmis-

sions, along the distribution mains, overflows of storage tanks 

or on connections up to point of consumer metering points. 

Water loss mitigation strategies 

Water loss mitigation strategies have been developed 

around the globe over a long period of time, since the devel-

opment of water supply and distribution systems. However, in 

many developing countries the concept of water loss manage-

ment has received very little attention compared with the se-

verity of the problem of water loss. Leaks in the water supply 

and distribution systems are mitigated through the process of 

leakage control. Leakage management can be classified into 

two groups, namely passive leakage control and active leak-

age control [9]. 

Passive leakage control is reacting to reported bursts or a 

drop in pressure, usually reported by customers or noted by 

the utility’s own staff while carrying out duties other than leak 

detection [9]. The method can be justified in areas with plen-

tiful or low-cost supplies. [26] indicated that this type of leak-

age control is often practised in less developed supply systems 

where the occurrence of underground leakage is less well un-

derstood. Except in exceptional circumstances, leakage will 

continue to rise under passive control [26]. 

Active Leakage Control (ALC) is defined as any water util-

ity program that proactively seeks to discover leaks which 

have not been reported by customers or other means [25]. The 

most typical methods of active leakage control are routine leak 

detection surveys and the use of minimum night flow meas-

urement in DMA or pressure zones [25]. The usage of the 

DMA approach to leakage detection and localisation has be-

come an international best practice. The most appropriate 

leakage control policy will mainly be dictated by the charac-

teristics of the network and local conditions, which may in-

clude financial constraints, equipment and other resources 

[36]. In many developing countries, the method of leakage 

control is usually passive or low activity, mending only visible 

leaks [26]. 

In Africa, and particularly in South Africa, the Water Re-

search Commission (WRC) developed various software for 

understanding and reducing non-revenue water [22]. The 

commission developed a suite of models such as SANFLOW 

minimum night flow analysis model, PRESMAC pressure 

management model, ECONOLEAK active leakage control as-

sessment model and the AQUALITE water balance model. 

Benchmarking is one other initiative adopted by many Af-

rican cities in trying to manage their water losses. The ap-

proach is one where distribution service efficiency is corre-

lated to improvement in water loss reduction [22]. A bench-

mark of 0.3m3/connection /day was agreed upon as a NRW 

indicator for optimum performance of water utilities in Africa 

[22]. This benchmark value was arrived at from the participa-

tion of 70% of the 134 utilities from across Africa. Water sup-

ply efficiency improvement 

Apart from the above, innovative ICT strategies that are 

found useful to control or mitigate water losses along the wa-

ter supply and distribution include SCADA, water network 

monitoring [24]. 

GIS conceptual frameworks 

Geospatial technology has greater potential in water loss re-

duction in management of water infrastructure network. 

Within the water supply systems, the distribution network 

which consisting of pipes, nodes, pumps, valves and storage 

tanks is the most important component. Geographical Infor-

mation Systems (GIS), integrated to support water infrastruc-

ture networks management, which assists in of an efficient 

water supply infrastructure through planning and managing 

water infra-structures and spatial analysis of network data, 

[17]. 

The preferences for water infrastructure providers incorpo-

rates automation of tasks, for example, maintenance, pressure 

management, detection of leaks, improved water quality con-

trol and administration arranged decreased emergence re-

sponse time in pump and pipe fixes. 

The planning of a GIS-supported water distribution net-

work encompasses technical raw data analysis, geospatial data 

integration, and optimal allocation of network. To know the 

customers, [31] customer information recorded in the billing 

database as well as their locations are important. As part of the 

mapping exercises in the 5 towns in Southern and Western 

Provinces, [31] collected the location of each customer ac-

count along with the account number and the customer con-

nections were mapped. [31] heighted that the reduction in loss 

of piped water can be achieved by GIS through reducing NRW 

by knowing water network, knowing customers, knowing cus-

tomers’ data, recording leakages and quantifying NRW. 

In their study [31] data is output by an interface from the 

GIS model to another system, the Network Water Balance Lo-

cale system. What is exported from the GIS can be used in 

Google Earth as well as in Epanet. The GIS data model with 
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the Network Water Balance Locale system provided 

knowledge of the water network, customers, customers’ data 

and recording leaks. 

4. Methodology 

The design science research methodology (Improvement 

Research) which is a descriptive method was adopted for this 

research. The approach focuses on creation, invention or de-

sign of some new artifacts, while deriving or obtaining sug-

gestions to solving the problem from current knowledge or 

theory base for the problem domain. The artifact designed is 

the GIS water loss mitigation strategy applicable to the current 

water loss along the water supply chain to create a water se-

cure community within Masvingo city. It also attempts to de-

scribe systematically a situation, problem or phenomenon [4]. 

In this study a situation being described is water loss through 

leakages which is creating a problem such as an economic wa-

ter scarcity situation in turn. Applying the descriptive research 

therefore describes systematically the water scarcity situation 

at hand, how it comes into existence as a problem and allows 

the formation of a solution to a problem described. The solu-

tion formulated through the research is designing and imple-

menting a GIS framework to reduce the water loses along the 

water network. Applied research, specifically descriptive re-

search is done to solve specific, practical questions, it is appli-

cable to this study in that a specific problem to be solved is 

water loss (physical / real water loss) through leakages along 

the water supply network. The result of the research therefore 

is a solution to this problem at hand. Descriptive research dis-

covered associations or relationships between or among se-

lected variable and with reference to this study, it allowed the 

discovery of a relationship between information system adap-

tation specifically a geographic information system and water 

availability as variables. 

Research framework 

In this study the model used to support the research effort 

i.e., to provide answers to the research questions as well meet-

ing the research objectives is the Theory of Reasoned Action 

(TRA), specifically the technological acceptance model 

(TAM). The TRA presents and portrays the hypothesis that 

geographic information system and sensor networks in the wa-

ter supply network is a possible solution to reduce real water 

losses and brings out the reasons why the current situation 

where water scarcity exists comes into existence. The frame-

work in this case is modelled as accepting a technological 

framework specifically geographic information system which 

is represented as a model. The concepts identify variables in 

the study and in this case, variables are TAM variables in ac-

cepting technology equated to some independent, dependent 

and moderating variables in the application of GIS as a solu-

tion to real or physical water losses along the water supply 

network. The relationships between the variables exists and 

the concepts or theories presented as models expresses ab-

stract concepts and relationships. It models how users come to 

accept and use a technology that is, perceived ease-of-use 

(PEOU). The user in this case refers to the Masvingo City 

Council which will have the responsibility of using ICT par-

ticularly GIS and sensor networks to reduce real/physical wa-

ter losses to improve the water supply to its residents. Tech-

nology Acceptance Model proposes that the utilization of an 

information system framework is controlled by behavioural 

intention or social aim, yet then again, that the conduct aim is 

dictated by the individual's mentality or perception towards 

the utilization of the framework and furthermore by his view 

of its usefulness. 

This framework defines information systems, in this case 

geographic information system and the information system 

users for management of the water supply chain. In this study, 

what is going to be the factor will be the attitude to technology 

by Masvingo City Council. According to [4], the attitude of 

an individual is not the only factor that determines his use of 

GIS but is also based on the impact which it may have on his 

performance. The study has two main variables: factors influ-

encing (independent) and real water loss (dependent). The in-

dependent variable is broken into sub-variables namely, leak 

detection, leak monitoring, and leak run time. The factors are 

assumed to have effect on water lost along the supply network 

as they influence the amount of water lost along the way. GIS 

as a technological factor which is the independent variable af-

fecting real/physical water losses through sub-variables such 

as leak run time and some moderating variables in the system. 

The dependent variable (Real water loss/leakage) is affected 

by the independent variable (GIS). The availability/utilisation 

or presence of GIS has an impact on the amount of water lost 

along the water supply network. The effect comes through the 

relationships between the independent variable and some 

moderating variables. This means the relationships between 

moderating variables and the independent variable affects the 

dependent variable. 

GIS formulation procedure 

In this research GIS specifically, Quantum GIS is used to 

reduce water leaks along the supply network through the anal-

ysis of pressure and flow rate data that is collected by sensors 

and sent to a central Quantum Geographic Information system 

which are hydraulically analyze and determine the size and 

location of the leakage in the network. The approach for the 

study follows these steps and procedures: 

1) Collection of field data on the existing water supply dis-

tribution system. In this case, there is an existing water 

network map from secondary data sources. The map 

shows the water network but some of the components 

such as pipes, reservoirs and valves are not shown. It 

shows the characteristics of the components of the net-

work. 

2) Secondly the map document, as an input into the geoda-

tabase, the network is then edited, segmented into zones 

using the QGIS software. Some water network compo-

nents are added. Preparation of various layers (both the-

matic and network layers). Maps are prepared from the 
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existing vector-based map (1:2000scale). Development 

of network layers is done through, Road network, Water 

Distribution Network, Sewer network, and preparation 

of input data for the data models by incorporating field 

attribute data 

3) Segmenting the water distribution networks into Zones 

known as District Metered Area (DMAs) using QGIS for 

easy management of the water network. Data model 

Management by using GIS Network Analysis and devel-

opment of a user-friendly tool for data Management. 

4) Installation of the technical components of the process 

i.e. leak detection devices, specifically pressure and flow 

control sensors with real-time and online data transmis-

sion in a TCP/IP stack and an intelligent GIS-based com-

puterised system to steer the whole process. Sensors are 

installed at some points in various District Meter Areas 

(DMAs) where there are water flowmeters and pressure 

meters throughout the distribution system. A DMA is a 

discrete area with a defined and permanent boundary in 

terms of water supply. Inflows and outflows within each 

district can be regularly monitored, enabling the detec-

tion of leakages and allowing the management of the 

pressure in each district or group of districts so that the 

network is operated at the optimum level of pressure. 

5) Monitoring of the water balance and reacting to data 

from sensors is segmented in DMAs where in each DMA 

there are sensors and flowmeters at strategic points. Sen-

sors that are used monitors the two variables namely 

pressure rate and flow rate of water in the network. The 

sensor in use is the YFS201 Hall Effect Water Flow Sen-

sor. The values of pressure and flow various nodes 

changes based on the changes of the water of pressure 

and flow rates. And the changes in these values are mon-

itored by the sensors installed in the water network to 

detect a water leak. The YFS201 Hall Effect Water Flow 

Sensor is connected to a microcontroller such that when 

they get the values of pressure and flow rates, they send 

them in real-time to the central server which is a QGIS 

server. 

A sensor is connected to a microcontroller which is con-

nected to a GPS and a chipset which provides internet. A GPS 

receiver which is connected to the micro controller allows the 

acquisition of information on the current time and position of 

sensor data. The platform connects to the Internet through a 

chipset, which provides Ethernet functionality and a TCP/IP 

stack. Once running, the sensor platform starts collecting data 

by reading the sensors in defined intervals. Each measurement 

is stored in a file which is identified by the sensor ID, location 

and time derived from the GPS are added to each measure-

ment. When a leak occurs, pressure on the network drops. If a 

leak continues then there will be an increase in the pressure 

drop and increase in volume of leakage. The whole water net-

work including the sensors are visible through the QGIS ap-

plication server dashboard. The changes in the values of pres-

sure and flow rate is viewed graphically. A point where there 

is a drop in press rate means that there is a leak. At the central 

server monitoring is done through the dashboard of QGIS ap-

plication showing the readings and variation. 

 
Figure 1. Research methodology flowchart. 

5. Discussion 

The study sought to establish and evaluate the mechanisms 

that are used to report any visible, physical water leakages. The 

data collected from the field shows that a report for any physi-

cal water burst can be made by any of the three ways which 

can be either physically visiting the council, engineering de-

partment during working hours or making calls to the same de-

partment. Mechanism used to report water leakages were there-

fore not real-time therefore (the time a leak runs before it is 

reported), leak awareness time becomes longer hence the 

longer the leak awareness time the more the amount of water 

is lost through leakages. This justified the need to develop a 

geographic information system framework with water pressure 

sensors that can be used to reduce the treated water losses along 

the water distribution channel by Masvingo City. Sensors al-

low real time leak detection and reduce the leak awareness time 

to zero. The study sought to establish the time it took for a leak 

to be repaired from the time it is noticed and reported, leak run 

time. This factor or variable constitutes the time taken before a 

leak is reported, (leak awareness time) and the time taken be-

fore a leak is fully repaired (leak repair time). Data pertaining 

leaks awareness and leak repair time were collected from the 

MCC dataset. This was then used to compute the average leak 
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run time in hours for leaks that were identified, reported and 

repaired for a period of 3 months i.e., from January to March 

2020. 

The variable with much effect and contribution to the 

amount of water lost in the water supply network is the Total 

Leak run time which is equal to Leak awareness time (Hours) 

plus Leak repair time. The study further sought to establish the 

relation between water loss (leakage) and leak runtime by com-

puting correlation between the volume of water lost through 

leakage recorded and the leak runtime within the period from 

January 2020 to March 2020). 

Pearson correlation 

Pearson correlation was used to measure the degree of asso-

ciation between water loss and total leak run time. Negative 

values indicate negative correlation and positive values indi-

cates positive correlation. 

Table 1. Correlation Co efficiency (Total leak run time and Water loss (Mm3). 

 Total leak run time (Hours) Water loss (Mm3) 

Total leak run time (Hours) 1  

Water loss (Mm3) 0.941625368 1 

*Correlation is significant at the 0.05 level (1 - tailed). 

The analysis on table above shows that the variable Total 

leak run time (Hours) and Water loss (Mm3) has the strongest 

positive (Pearson correlation coefficient =.941). In addition, 

Leak age before reporting had a positive and Water loss (Mm3) 

had a strong correlation of (Pearson correlation coefficient 

=.942). The study thus established a strong linear relationship 

between the variables, but no autocorrelation was established. 

Table 2. Correlation Co efficiency (Leak age before reporting and Water loss). 

 Leak awareness time (Hours) Water loss (Mm3) 

Leak awareness time (Hours) 1  

Water loss (Mm3) 0.942534365 1 

*Correlation is significant at the 0.05 level (1 - tailed). 

Regression analysis 

As shown on Table 3 below, Coefficients provides infor-

mation on each predictor variable. The coefficient determina-

tion explains the extent to which changes in the dependent var-

iable (water loss) which is the predictor variable can be ex-

plained by the change in the independent variables or explana-

tory variable (age of leak before reporting and total leak run 

time). The Correlation Coefficient, R Square of 0.988 is an in-

dicator of a strong linear relationship between two variables i.e. 

water leak age before reporting and volume of water lost as it 

is closer to 1. 

Table 3. Coefficient of Determination (R2). 

Model Multiple R R Square Adjusted R Square Std. Error of the Estimate 

1 0.988 0.976 0.953 0.00449 

 

The Coefficient of Determination, R Square which is used 

as an indicator of the goodness of fit. In the study, 0.976 is the 

coefficient of determination and rounded off to 2 digits gives 

http://www.sciencepg.com/journal/wros


Journal of Water Resources and Ocean Science http://www.sciencepg.com/journal/wros 

 

84 

0.98%, meaning that 98% of our values representing inde-

pendent and dependent variables fit the regression analysis 

model. In other words, 98% of the dependent variables (y-val-

ues) are explained by the independent variables (x-values). 

Generally, R Squared of 95% or more is considered a good fit. 

For Table 4, ANOVA, indicates that the regression model 

predicts the outcome variable significantly well. This indi-

cates the statistical significance of the regression model that 

was applied. The significance value is 0.047. This value is less 

than 0.05 which means that the model is statistically signifi-

cant in predicting water loss in relation to water leak run time. 

The F critical at 5% level of significance was 2.813. Since F 

calculated, 4.914 is greater than the F critical, this shows that 

the overall model was significant. 

Table 4. ANOVA. 

Model  Sum of Squares Df Mean Square F Calculated Sig 

1 

Regression 3.031 1 8.44 4.914 0.047 

Residual 2.240 1 0.017   

Total 5.271 2    

 

Regression analysis output: coefficients 

A Coefficient of Regression analysis was conducted to 

build a linear regression equation for the relationship between 

the water loss and the four factors leak age before reporting 

and total leak age. 

Table 5. Regression coefficients. 

Model  Unstandardized Coefficients Standardized Coefficients 

1 constants 0.18977058 0.033642848 

 x Variable 0.331511471 0.011233745 

 

Regression equation obtained from Table 5: 

y = 0.331x + 0.189 

According to the Coefficient of Regression, a unit increase 

in a water leak run time will lead to a 0.331 i.e., 33% increase 

in the water loss added to a constant loss of 0.189 i.e. 19%. 

Results obtained after applying GIS in the water network 

The table below shows a comparison of the water supplied 

and lost both before and after GIS applied into the water net-

work. 

Table 6. Summary of differences before and after implementing various QGIS strategies. 

Parameter Before GIS applied After GIS applied Reduction 

System Input Volume 7704M3/day 7704M3/day nil 

Average Number of bursts 1 1 nil 

Average Leak awareness time 72hrs 0hrs 100% 

Average Leak repair time 5hrs 5hrs nil 

Total leak Run time 77hrs 5hrs 93% 

Real water Loss level 40% 40% nil 
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Parameter Before GIS applied After GIS applied Reduction 

Total Water Loss 4622 3235 30% 

 

Based on the results shown on the table above, it was noted 

that GIS framework in reducing total leak run time through 

reduction of leak awareness time, does not reduce leak repair 

time which is another contributing factor to the total leak run 

time. Even though the GIS framework reduced leak awareness 

time by 100 percent, it did not reduce the total leak run time 

by 100 percent due to the presence of another contributing fac-

tor to the total leak run time which is leak repair time. From 

the above data, a 100 percent reduction in leak awareness time 

translated a 93 percent reduction total leak run time leading to 

a 30 percent reduction in water loss. 

6. Conclusions 

Primary and secondary data collected indicated that an aver-

age of 40% of water treated is lost through leakages along the 

water supply. This has created an economic water scarcity situ-

ation which brought much attention to researchers as a situation 

that needs to be addressed through the application of QGIS and 

sensors. Data from datasets showing historical trends of water 

produced/treated, billed water at consumer points losses for 

Masvingo city from January 2020 to March 2020 was presented 

for analysis. This information supported the fact that water was 

being lost along the water supply chain through leakages. Cor-

relation and regression analysis as well as ANOVA were used 

to analyze the data between variables under consideration i.e., 

independent variables and dependent variables in the study. The 

study has shown that water demand in the city has grown rap-

idly over the years with a corresponding expansion in water 

treatment at Bushmead. Despite the efforts being put in place to 

increase the production capacity of treated water, most of the 

suburbs in the city continue to face a challenge in terms of short-

age of water. This is because some water is lost in transit along 

the supply chain before it reaches the consumption points 

through leakages. The study deeply extracted the fact that water 

lost along the supply chain is a result of the absence of strategies 

to monitor the water resource distribution using technologically 

oriented solutions. As a follow-up to the first research objective, 

a framework was developed encompassing QGIS for mapping 

of the water network at the pilot area of Kopje, zoning the area 

into 2 zones, installing two district meters, one in each zone and 

water sensors. The YFS201 Hall Effect Water Flow Sensor 

reads values of pressure and flow rates, sending them in real-

time to the central server which is a QGIS server and mobile 

devices whenever a leak occurs. This reduced the values of the 

most contributing variable in water loss which is leak run time 

as the age of the leak before reporting is reduced by real time 

monitoring and reporting other than to waiting to make some 

reports which could be longer even taking. 
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GIS Geographic Information Systems 
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