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Abstract—Nowadays Geographic Information System (GIS)
and Remote Sensing (RS) techniques are used in different area
of research for monitoring, collecting and analysis data from
various geographical locations. Due to the vast increase in global
industrial output, rural to urban drift and the over-utilization
of land and sea resources, the quality of water available to
people has deteriorated greatly. The high use of fertilizers in
farms and also other chemicals in sectors such as mining and
construction have contributed immensely to the overall reduction
of water quality globally. Water is an essential need for human
survival and therefore there must be mechanisms put in place
to vigorously test the quality of water that made available for
drinking in town and city articulated supplies and as well as the
rivers, creeks and shoreline that surround our towns and cities.
The availability of good quality water is paramount in preventing
outbreaks of water-borne diseases as well as improving the
quality of life. Fiji Islands are located in the vast Pacific Ocean
which require a data collecting network for the water quality
monitoring where GIS system can be applicable. This Paper
presents a case study of water quality monitoring system with
(key Performance Indicators) KPIs for Suva city, using GIS and
remote sensing technology.

I. INTRODUCTION

Environmental degradation has put many marine species in

danger of extinction, risking damage to the planet’s biodiver-

sity. The majority of animals that live in the coastal area are

under threat due to changes of environmental conditions and

also the same situation is applicable for the civilization. Reg-

ular monitoring of various physical and chemical parameters

of water is necessary for the daily water requirement of the

human being and also for other living animals to maintain a

healthy life cycle that requires a suitable range of different

parameters which can be considered as KPI’s for the water

quality respective to a particular area [1].

Water is one of the most readily available compounds found

in our ecosystem. It constitutes to almost 70% of earths

mass and is a source of food, livelihood and transportation

for millions of people all over the world. As a result of

industrialization, huge spikes in population growth, over uti-

lization of fertilizers and reclamation of land, huge amounts

of chemicals being dumped in the water is polluting it at

an alarming rate. This polluted water is not only affecting

marine life but is also causing many deaths due to the

consumption of polluted and unsafe water. Therefore it is

necessary to keep track of water quality at regular intervals

with real time data available all the time to help minimize

the effects of consumption of polluted water and also control

the quality of water being articulated. Availability of good

quality water is essential to control disease outbreaks as well

as contribute to a better quality of life. Natural water from the

offset contains many natural impurities which is introduced to

it by weathering, leaching and decay of marine organisms.

It also contains several unnatural impurities namely heavy

metals like, iron, lead, chrome and even radioactive matter like

uranium. The presence of these elements is a direct result of

human activity. There are set standards for both drinking and

surface water incorporated by most countries which clearly

define the parameters of pH, alkalinity, dissolved oxygen and

salinity. These standards provide assurance as to the quality of

water being articulated. However these standards varies from

country to country, hence it is obvious to identify the specific

values of these parameters for Fiji and already in practice

for drinking water according to the Fiji National Drinking

Water Quality Standards (FNDWQS) [1] and measurement

frequency should be daily which is costly and conduct by

portable test kits or in the laboratory with the collected sample;

is an expensive approach. Therefore there is still a need for the

development of a network based, automated, real time water

quality measurement system which can provide instant data

on water quality and help control water quality in various

applications from aqua farms, shorelines to articulated supply

reservoirs. The system proposed in this paper is a wireless

sensor network based on the principle of the Internet of Things

(IoT) [2], which will remotely sense, analyze and report water

quality KPIs data in real time using GIS.

The main goal of this GIS and RS based water-monitoring

system is to automate the measurement of physical and

chemical parameters (KPI’s) of the coastal area improving the

reliability and frequency of the data collected, and simplifying

the tasks of the stake holders (i.e. Water/Environment Man-

agement Authority staff) resulting improved performance and

management [3], [4], [5]. This system enables to carry

an automated measurements at various predefined locations;

several times per hour to have a reliable quality assurance.

Furthermore the GIS helps to access and monitor water quality

from a central workbench.



TABLE I
KPIS FOR WATER QUALITY

Parameter Description Node-1 (Nabuku-
lau Creek)

Node-2 (Rewa
River)

Node-3 (Sigatoka
Coast)

Node-4 (Central Tap
water)

Temperature A crucial element which other parameters
are dependant on. Useful for estimating
compensated values of conductivity and
pH.

20-30 degrees C 20-30 degrees C 20-30 degrees C 20-30 degrees C

pH pH is the potential of hydrogen activity in
a solution. Useful for estimating acidity of
a solution.

7.7-7.9 4.5-10 7.7-8.2 7.7-8.1

ORP ORP is the reduction and oxidation poten-
tial of a solution. Basically the ability of
a solution to sanities itself.

0- (-)2 mV 190-220 mV 100-150 mV 300-600 mV

Conductivity Conductivity is the ionic strength of a
solution. Conductivity can also be used to
determine the Total Dissolved Salts (TDS).

42-45 mS/cm 70-80 uS/cm 50-60 mS/cm 55-70 uS/cm

The organisation of the paper is as follows: Section II

presents the modeling of the KPIs for a particular water

system; in Section III the overall proposed water quality

monitoring system has been illustrated; Section IV provides

the geographical model which is used by GIS software; in

Section V Remote Sensing (RS) Technology for the proposed

system is described; in Section VI data analysis and recom-

mendation is presented to understand the impotence of the

measurement of water quality; and finally Section VII presents

the conclusions.

II. KPIS DESIGN FOR WATER QUALITY

In order to assess the quality of water, few KPIs have

been considered. For the purposes of this comparison, a

rank of either polluted or non polluted will be selected to a

specific KPI. The KPIs are considered for pH, conductivities,

temperature, redox based on the physical (aesthetic) quality

of water and utilized through the proposed system as shown

in Fig 1 . According to the FNDWQS [1], [6], PH and

conductivity ranges are (6.5-8.5)only given for drinking water

and recommendation is given to maintain the sample water

temperature at 4 degree calculus. However this research is

considering a real time measurement and monitoring system.

Hence the temperature is a dynamic parameter and directly

co-related to the other parameters.

The first task and a very integral one was to determine

which water parameters would provide a close indication for

water pollution. Through an extensive research the parameters

were chosen to be composed of pH, oxidation and reduction

potential (ORP), conductivity and temperature. Reasons as to

why these parameters were chosen and aset of experiment was

conductued with various sources of water finally their accepted

levels are summarized in Table I.

III. PROPOSED SYSTEM DESIGN

A. Study Area

Suva is located in central division of Fiji Island in Pacific

ocean, geographical coordinates of Suva is 18.1416 S and

178.4419 E. The area of the city is 790.5sqmi(2, 048sqkm),
number of population is 263670 (2009) [7].

The general geographical information of the district is

basically coastal area which includes flat as well as hill. It

is the capital and one of the major port of Fiji and most of the

economical activities are based on the ocean. The water supply

is managed by Fiji Water Authority (FWA) where they use

ground water and river as sources with in the water treatment

facilities. Fig 2 and Fig 3 show the geographical location of

Fiji and Suva respectively.

Fig. 1. KPIs measurement

B. Software, Hardware and Data Use

The quick bird satellite imagery (0.6 m resolution) to

create the base map and Intergraph’s GeoMedia, GPS (Global

Positioning System) 7.2 Model and Global System for Mobile

(GSM) have been used to design GIS interface. Apart form the

software, a number of hardware have been used to measure

the water quality, which is described in section V and shown

in Fig 4.



Fig. 2. Geographical location of Fiji Islands in Pacific Ocean [8]

Fig. 3. Geographical location of Suva City [9]



Fig. 4. Hardware setup

C. Data Preparation for GIS

The data preparation part includes the preparation of various

data/layers required for the visualization, thematic layers and

non spatial database.

The first step in data preparation is thematic layers prepara-

tion. The following thematic layers of Suva area were prepared

by using the GSM data from hardware obtained from various

predefine location.

1. Base Map

2. Water Area Map

3. Digital Elevation Model

IV. GIS SYSTEM FOR WATER QUALITY MANAGEMENT

The main aim of this study is to monitor the water quality of

Fiji to provide a better analysis, real time, reliable and environ-

mentally friendly water management system while satisfying

standard quality and improving the overall performance of

water quality monitoring system, eventually ensure the healthy

environment.

Intergraph’s GeoMedia software is used to assist in the

visualization and analysis of the project GIS data. One im-

portant GIS capability is in handling both digital spatial

features and the associated databases of attribute information

for map features [10], [11]. water KPIs from various nodes

are recorded as feature classes with set parameters after their

coordinates are confirmed. These classes are associated with

tables in the Microsoft Access database. Dynamic parameters

for feature classes (e.g. pH, temperature, conductivity and

redox) are updated using algorithm and presented in the

GeoMedia Workspace (see Fig.map draw). Queries can be

performed within the Workspace to filter spatial and non-

graphical attributes.

TABLE II
DIFFERENT ZONES USED IN THE GIS

Node Point within a zone related to water resource
Interconnection Ocean Current
Regional Zone Highest level region in PICs
Extra regional
Zone

Highest level region outside of Fiji

Sub regional Zone Next level below regional Zones of Fiji
Local Zone Next level below sub-regional zones (i.e. Suva)
Cell Level below local zones or sub-regional zones(if

local zones are absent)

Using GIS the total Pacific Island Countries (PICs) has

been divided in to different zones and elements to identify

the specific location. These can be presented in Table II.

V. REMOTE SENSING (RS) TECHNOLOGY

The system designed in this research; comprises of a Wasp-

mote V1.2 microcontroller board, Smart water sensor module

and a SIM-900 GPRS/GSM module and GIS monitoring

system. Fig 5 represents the overall operation block diagram

of the system:

Fig. 5. Proposed Network

The RS system as a whole comprises of sensors, an ana-

logue to digital convertor (ADC), a microcontroller, an SD

storage and a GSM module. From here the collected data can

either be stored locally on the SD card or sent to a File Transfer

Protocol (FTP) server or to a cloud server or to all depending

on the users designs. However in this research a cloud server

and a local machine storage is being used for data analysis.



Fig. 6. Designed GIS Map

The RS technology which has been designed by Li-

belium [12] , includes the sensors, microcontroller and GSM

communication is being used in this research. Furthermore,

since the setup deployment duration would be months or even

years, power conservation is imperative. To achieve this the

system design incorporated sleep mode and reading intervals

has been set to 2 minutes. To further extend battery life the

any idle modules have been set to off mode. For instance, after

SD card operations the SD card module has been turned off.

Same with the GSM and serial communication. Moreover, an

alert has been set to notify the user of certain conditions such

as battery life and progress report.

VI. RESULT AND DISCUSSION

For this research the GIS is interfaced with six (6) nodes

located in various places across the Suva City and Sigatoka

Coastal area as shown in Fig. 6 Water from different areas

were tested at the nodes to collect point measurement data for

all aforementioned KPIs. The chosen water types were surface

water (i.e. sea water, River and Creek)and tap water. User can

access all the required data from any location using the GIS

interface through internet and take necessary steps if require.

Furthermore this GIS is also able to present the specific

time series data for all KPIs graphically according to the

user request for further analysis. As an example; Node-1

(Nabukulau Creek, Suva City) KPIs (i.e. Temperature, pH, orp

and conductivity) measurement data for a specific time series

graphs are shown in Fig 7 to Fig 10 which proves the fun-

damental co-relation between all KPIs (i.e. Temperature, pH,

orp and conductivity), for example temperature is inversely

proportional to pH but proportional to ORP and conductivity

as shown in Fig. 11. The results also shows the data gathered

from the experimental node are consistent with the only minor

deviations being in relation with temperature. These minor

deviation is could be the influence of extraneous variables (i.e.

high/low tide).

The data obtained for polluted water has some interesting

values for ORP and conductivity. A very low ORP value was

observed, averaging at −2mV which is an indication of over-

powering reductant. This is an expected value considering the

background of Node-1 (Nabukalou Creek having waste lines

(Sewage) connected to the creek. The conductivity value was

in the 42-45 mS/cm range indicating that water samples likely

contained traces of pollution. A summary is also presented in

table format shown in Table I for other nodes.

Fig. 7. Temperature data series for Node-1 (Nabukulau Creek)



Fig. 8. pH data series for Node-1 (Nabukulau Creek)

Fig. 9. ORP series for Node-1 (Nabukulau Creek)

Fig. 10. Conductivity data series for Node-1 (Nabukulau Creek)

Fig. 11. KPI Co-relationship

VII. CONCLUSION

GIS has been interfaced with RS data, collected from

various point location and digitize by Arc GIS software. The

study has focused on the utility of remote sensing and GIS in

the identification of water quality from various sources. It is

evident that the GIS and RS is powerful tool in developing

water quality monitoring system and facilitates to use the

following processes: 1. Data collection and monitoring. 2. Site

selection for source of water. 3. Quick identification of a site

that requires immediate attention.

This System also validated the accuracy of the sensor

readings with respect to the FNDWQS. Various water sources

(i.e. Creek, River, Sea and Tap) were tested using six nodes.

The co-relation between all KPIs (i.e. temperature, pH, ORP

and conductivity) were also observed with all the water sam-

ples.The system has proved its worth by delivering accurate

and consistent data throughout the testing period and with the

added feature of incorporating GIS platforms to monitor water

quality in real time could be a suitable option for various

PIC’s stake holders to improve performance of the water

management system.
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