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Abstract

Managing multi-level geospatial datasets, particularly the land-use and land cover data
in highly changeable environments and social entities, such in Lao PDR is, always a
challenging task for GIS specialists. They have to handle a variety of data types such as
vector, raster, and non-spatial data from various data sources to fulfil the tasks. Over
the years, GIS has developed rapidly and is considered one of the fastest growing
industries; its market value was estimated at 10.8 billion USD in 2018 and continues to
grow very strongly (Prescient & Strategic (P&S) Intelligence Private Limited, 2019). The
commercial GIS enterprise provides complete package solutions for organisations;
however, they have limitations and often come with a high cost and maintenance fee.
This cost is a prohibitive factor for financial-constraint countries such as Lao PDR, and
the package tends to lack flexibility for integrating with other applications as well as

scalability.

In the open-source geospatial communities, developers have been collaborating
to deliver commercial-grade products that are freely available to the public. For
instance, under Open Source Geospatial Foundation (0OSGeo) there are a number of
powerful geospatial libraries such as GDAL, Orfeo Toolbox, PostGIS, QGIS, and
MapServer. Taking advantage of this technology to fulfil the gap and fit the context of a
financial-restricted environment is an approach worth investigating. This research
examined the potentials of the open-source relational database PostgreSQL and its
geographical extension PostGIS (hereafter referred to as PostGIS database) in
concurrent use with desktop GIS application, QGIS by storing and managing multi-level
land-use and land cover datasets with an aim for increased performance and efficiency
over the existing workflows. The research was carried out at a governmental institution

in Lao PDR where substantial proportion of land-use and land cover data were located.

The research findings indicated that the open-source spatial database resulted in
70 percent increase in performance and efficiency over the existing approach, as well as
delivering opportunities for enhanced data security/integrity and accessibility.
Additionally, the research findings supported the notion that the spatial database has
greater flexibility for future integration and scalability, which were in line with the

participant interview-based results.
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Glossary of terms

Agro-
biodiversity
/Forestry

Conservation
forest

Geospatial
data

LU/LC

Non-spatial
data

NPA

NTFP

Raster

Relational
database

Agro-biodiversity/forestry refers to a form of land-use management
system, particularly cultivation practice where crops are grown
within the forest ecosystem to minimize environmental impact while
maximizing the yield.

Conservation forest is protected forestry ecosystems whose
functions are to conserve the nature, fauna and flora as well as
forestry and biodiversity ecosystems.

Geospatial data describes the data and information that are
embedded with geographical information such as location,
boundaries, coordinate systems, which can be used to refer to a
location on the earth’s surface. Geospatial data are typically in the
forms of point, lines, polygon, raster-based, or 3-D.

LU/LC refers to the land-use and land cover data. The data are
typically extracted from semi or fully automatic classification using
remotely sensed data with random field checks and digitisation. This
type of data is generally used to represent land-use and land cover
at a bigger scale such as provincial or country level.

The data that do not have geographical information. However, they
can be linked to GIS data or as standalone data. Often, they are in
the form of tables, statistics, or figures.

NPA is the national protected area and a broader term for any given
forestry and biodiversity protected area within the 3FC. Since the
(national) Conservation Forest is well-managed when compared to
the other 2 FC, people usually refer the term NPA to conservation
forest.

Non-timber forest/wood product are materials and resources
obtained from the forest outside timber. It includes vegetables, fish,
honey, mushroom, medicinal plants, resins, bamboo, rattan. NTFPs
sustain lives of the local communities as well as generating cash
incomes.

Raster data refers to the dataset consisting of pixels organised into
rows and columns whose values represent some kind of information
such as digital number (DN). Raster datasets include aerial
photographs, satellite or drone imagery, digital elevation model, hill
shade-relief.

A relational database is one of the many database types; it is based
on the relational model of data. Data are often stored in tabular form
of columns and rows. SQL is the standard language used to query for
information within the database.
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Spatial
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Vector data

Village
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WCS
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WMS
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Spatial is the characteristic that is related to space and contains
geographical features.

Spatial database refers to the relational database that is optimised
to handle geographical data and information, which may include
geometric objects, 3-D, topographic, raster data, etc.

Upland cultivation is a common practice of crop cultivation,
particularly rice in the mountainous regions where the crop is being
grown based on fallow cycle rotation for an extended period.

Vector data is a data structure which is used to store geographical
objects. Geospatial vector is represented in the form of point,
polyline, or polygon, comprising one or more coordinates of any
given point in space. They are determined by a beginning and end
points.

Village forestry, excluding from the 3FC, usually refers to the forest
that is managed by the local village level. In recent years, the
government has made a lot of efforts to improve the management
and conservation of village forestry in order to leverage the benefits
upon the local communities.

Web coverage service is the fundamental requirement of Open
Geospatial Consortium (OGC) in order to display raster dataset on
the web map.

Web feature service is OGC’s requirements for the web map to
display data as vector or features.

Web map service is the OGC’s requirements to display maps as
image or tile on the web.
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Chapter 1 Introduction to the study

1.1 Introduction

Lao’s People Democratic Republic (Lao PDR) is a landlocked country located in Southeast
Asia; bordering China to the north, Vietnam to the east, Cambodia to the south, and
Kingdom of Thailand and the Republic of the Union of Myanmar to the west (Figure 1).
North, central, and the south make up the three administrative regions, comprising 18
provinces. Vientiane is the capital and largest city; major cities include Luang Prabang,
Savannakhet, and Pakse. The total land area is approximately 236,800 square

kilometres.

h

Figure 1. Map of Lao PDR with regional context.

Geographical information system (GIS) and geospatial data play an important
role in managing datasets from various development sectors in the country; specifically,
planning and decision making. Lao PDR has rich natural resources of natural forest,
hydropower, and minerals. GIS has been increasingly utilised to assist the development
in those areas. Additionally, GIS is also helping to guide social-economic and sustainable
development of the country. By using the power of GIS, people have access to spatial
characteristics information such as geographical location and spatial
correlation/distribution. Particularly, GIS has been a pivotal tool for land-use planning

activities. Land-use planning is a key component supporting socio-economic
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development as well as customary land registration/titling. Nevertheless, geospatial
datasets resulting from land-use planning activities often encounter mismanagement
and generally lack standardisation. Storing datasets within a relational database is still
perceived as new and untested. Consequently, datasets are not consolidated and stored
as individual shapefiles. Often, these land-use planning shapefiles cannot be
consolidated to form meaningful landscape perspectives, and eventually pose risks to

data being corrupted and lost.

This research aims to examine the viability of the open-source relational
database PostgreSQL and its geographical extender PostGIS, in concurrent use with
QGIS, for managing multi-level vector land-use and land cover (LULC) of Lao PDR. The
study addresses the spatial data management needs for small to medium-sized
organisations typically found in governmental institutions. Open-source technologies,
fulfilling the context of the resource constraint economies, are being continually
developed and widely used amongst the global geospatial communities. Additionally,
the research invites participants to take part in the study and the evaluations in order

to obtain their perspectives of the introduced system.

1.2 Research background

Several historical topographic, administrative, and geological maps were produced
during French colonisation to assist the administration and development; for instance,
1:50K topographic map (Figure 2) and 1:1 million geological maps (Figure 3). Many of
these maps still exist and are being used today. They were converted into digital format

by geo-referencing in the GIS system.

2048000
1

2044000
1

delh e AT

AR BRA T £ R S f

Figure 2. An extraétion of 50k-scale topo- Figure 3. Geological and minerél occurrence in
graphic map, scanned and georeferenced. Lao PDR (Keohavong, 2009).
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GIS-based technology was introduced into Lao PDR in the early 1990s to support

the building of geospatial databases, aerial photography, and cadastral survey with the
support from the Finnish International Development Agency (FINNIDA) project for the
National Geographic Department (NGD). The first GIS software was the ArcMap from
the Environmental Systems Research Institute (ESRI) and it was used to store, handle,
and geo-process geospatial datasets such as raster-based aerial imagery, digital

elevation model (DEM), topographical, administrative, and other related digital maps.

In the 1990s, only a few people had access to the GIS due to various reasons; one
reason being the licenses. Thus, GIS was not widely used, and applications were limited.
Since late 2000s, more GIS software options (e.g., Global Mapper, MaplInfo Professional,
QGIS (formerly Quantum GIS), SAGA GIS) have become available. Access to the software
has become easier, especially open-source GIS software, more people have had a
chance to use the software and integrate it into various applications, and new datasets
have been constantly generated and updated. As shown in Table 1 below, the geospatial
community in Lao PDR has grown considerably. There are over 3,800 people taking part

in the geospatial community both professionally and academically.

Table 1. Approximate number of GIS users in Laos.

User group Number of Facebook page Number of
active users followers
QGIS user in Laos 74 Lao Geomatic Groups 1,462
Lao GIS 610 Information exchange on GIS and 1,190

cartography (in Lao language)

GIS and GPS training course at 472
National University of Laos
Information obtained from Facebook as of 16" December 2019.

A user survey about the GIS software currently being adopted by the
organisation in Laos revealed the software of choice varies, depending on specific needs,
usability, and associated software costs. The survey further suggested that ESRI’s ArcGIS
and QGIS are the most frequently-used GIS software packages, as shown in Table 2

below.
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Table 2. Primary GIS software package used by organisations in Laos.

Software package

Organisation

Domain /functionality

ArcGIS, QGIS, Erdas,
eCognition

ArcGIS, Global
Mapper

QGIS, PostGlS

ArcGlS, QGIS

Autodesk Land,
LaolLandReg,
ArcGIS/QGIS

ArcGlIS, QGIS,
Maplnfo

SMART GIS, QGIS,
Erdas, eCognition

ArcGIS, Survey123
(mobile data
collection tool)

Ministry of Agriculture
and Forestry

National Geographic
Department of Laos

Ministry of Natural
Resources and
Environment

Ministry of Labour and
Social Welfare

Land Registration
Division

National University of

Laos

Wildlife conservation
units (various)

The National Regulatory
Authority for UXO/Mine

Action Sector (NRA)

Agriculture/forest and resources
planning, analysis,
classification/segmentation

Providing satellite/aerial images and GIS
data, inventory, and cartographic service

Environment and social management,
monitoring, and evaluation

Disaster/emergency preparedness, risk
reduction, and response. Hazard and
vulnerability mapping

Cadastral survey, land surveying, land
titling/certificates, and urban planning

Academic and research

Wildlife conservation/patrolling and
reporting

Spatial planning for UXO clearance, UXO
incident recording

Above information is as of 01-11-2019 and may be subject to change.

1.3 Research rationale

Storing and managing geospatial data on personal-level computers poses several
limitations since a single vector shapefile does not consist of a single file but multiple
auxiliary files forming one shapefile. Improper handling or file-missing may cause the
shapefile to become invalid. Multiple users working on the same datasets may result in
the data being obsolete and redundant due to the lack of frequent updates. Additionally,
shapefiles lack standardisation and are unable to conform to the geometry integrity rule,
making data maintenance across the workflow a challenging task. Currently, there is
limited access to the relational database that stores, manages, and handles geospatial

datasets while providing spatial functionality. Consequently, this has resulted in:

e Low efficiency and performance when querying and data management
e Data integrity and security inconsistency
e Limited access to the datasets for wider users in the team

e Inability to join multiple datasets and non-spatial tables



18

Notably, from Table 2 above, relational database or spatial database at enterprise

level has not been adopted nor have there been attempts to develop one. Enterprise-
level database has several advantages when it comes to managing geospatial datasets

including, but not limited to:

e The ability to be accessed by multiple users simultaneously

e Relationships between tables enhance data manipulation and analysis

e Improving data integrity, standardisation, and prevention of data corruption/lost
e Making changes and updating table is easier; the data is more secure due to

frequent or scheduled backup

This research adopts the PostGIS database since it is an open-source technology,
versatile, highly flexible, and has numerous advantages compared to other relational
databases. Most importantly, it is suitable for small to medium-sized organisations, has
sufficient performance and adequate spatial capabilities, while providing all around
database management needs (Bartoszewski et al., 2019a; Chaudhry & Yousaf, 2019).
Moreover, since open-source relational database source codes are not closed, it offers
flexibility for future improvement and scalability (Bocetta, 2019; Dudoit et al., 2003;

Omni Sci, 2019; Swain et al., 2015). Figure 4 demonstrates the evaluation framework of

this study.

Selected

Datasets
Users
GUlon QGIS
e
Schemas Test
Spatial Database| —* group of tables > \Scenario
installed on PC

connected via LAN connection

Users
SQL on PG Admin

Figure 4. Spatial database infrastructure deployed for this study.

1.4 Research scope and location

The scope of this research only applies to small to medium-sized Laotian institutions,

the typical scale encountered in the government and private sectors. This scope allows
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the researcher sufficient time to cover critical aspects and gain in-depth understanding
of this mainstream user-group. The research study incorporates performance
evaluations of the spatial database and user survey data from the participating

institutions of the Ministry of Agriculture and Forestry of Laos, in the Vientiane, Lao PDR.

1.5 Research question

To understand the PostGIS database and be able to quantitatively assess performance,
the research replicates practical geospatial tasks in an experimental situation by
installing and assessing the spatial database, together with research participants as
users. The participants are to test the following question: Can a developed PostGIS
solution in concurrence with QGIS be a viable tool to manage multi-level LULC data, with
measurable increase in performance in the context of Lao PDR? The overarching

guestion can be broken down into specific questions as follows:

e Q1. Does the introduced solution allow for spatial querying with a measurable
increase in performance over existing platform?

e Q2. Does such solution offer capabilities which were previously unavailable?
Such as (1) processing complex geospatial dataset, (2) querying between GIS data
and non-spatial tables?

e Q3. What is the overall participant satisfaction towards the introduced solution?

e Q4. What are the current limitations of the solution, and the unexplored

potentials which are worth studying in the future?

1.6 Research framework

The study consists of three main phases. Phase one, carried out in New Zealand,
gathered and organised selected LULC datasets to be stored in the database; and mainly
involved data handling, structuring, and migrating into the spatial database. Phase two,
once the PostGIS database has been installed with selected spatial datasets, involved
written structured query language (SQL) functions to perform initial testing. Finally, in
Phase three, the researcher worked with the participants at the participating institutions
in Laos to conduct the assessment of the introduced solution as well as obtaining
interview survey data. Finally, the researcher compiled and consolidated the findings
and results and wrote the thesis. The overall research framework is displayed in the

diagram below (Figure 5).



— PostGIS Database | Develop schemas,

DESIGN ) tables

Datasets ) Clean data, import
L MIGRATION ) onto database

Initial SQL functions, -
I ' NAS
Phase II [ DATABASE TESTING } =
- orov
DEPLOYMENT out testing

— FINDINGS & RESULTS

Figure 5. Research framework.
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Phase IlI
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Chapter 2 Literature review

2.1 Origins of spatial database

PostgreSQL relational database inherited the primary architectures from the Ingres
Project, developed in the early 1970s by the University of California, Berkeley, USA.
The first version which was released in 1986 subsequently went through several
updates. The Postgres database version 4.2 ended in 1994 due to overwhelming
maintenance demands and finance burden. In 1996, after replacing Query language
(QUEL) with structured query language (SQL) as scripting language which were used to
interact with the datasets, the project was subsequently renamed as PostgreSQL and
made publicly available in January 1997 under version 6.0. Since then, PostgreSQL has
gained popularity as the open-source relational database for users around the world

(PostgreSQLl.org, 2019).

Geographical extension for PostgreSQL relational database PostGIS was first
invented in 2001 by the Refraction Research in British Columbia, Canada (Refraction
Research, 2019). The first version 0.1, releasing in May 2001, was able to store and
retrieve data but lacked analysis capability. Thereafter, PostGIS functions were
constantly improved and added. In PostGIS version 1.4, efficiency and performance of
geometry processing such as intersects, contains, aggregates were significantly
improved. As of June 2019, the stable version of PostGIS, version 2.5, was the latest
update and fully compatible with PostgreSQL version 9.4 and later. PostGIS has become
the most trusted spatial extender for relational database amongst the open-source

communities (Open Geo, 2019; Refraction Research, 2019).

2.2 Key benefits of PostGIS database

Geospatial datasets residing in a relational database have superior power to return
gueries more efficiently thanks to its highly structured manner and indexing scheme,
which helps speed up data search, geoprocessing tasks, and data analysis (Cimpianu,
2017; Miller, 2017; Sveen, 2019). PostGIS handles geospatial objects in two major data
formats, the GIS objects (geometry) and the Geography data type. The geometry type,
the most common data type, supports two types of spatial objects - the well-known text
(WKT) and the well-Known binary (WKB). PostGIS data types are fully compliant with

Open Geospatial Consortium (OGC) and based on the commonly used SQL for
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interacting with spatial objects, making it convenient for users as well as maintaining
data standards (PostGIS.net). In PostGIS database, users can perform data manipulation
directly via SQL statements such as update, insert, delete records, and analysis in any
supported integrated development environment (IDE) provided that it is connected to

the spatial database (Marx, 2019; Tjukanov, 2018)

Another benefit of PostGIS is its built-in indexing schemes, the primary indexes
include generalised search trees (GiST), block range index (BRIN), and space-partitioned
generalised search tree (SP-GiST). GiST is the most common indexing algorithm; it
speeds up the irregular data formation using the geometry field by breaking data into
three different tree mechanisms for the most efficient processing (PostGlS.net).
Meanwhile, another key component of any enterprise database, which PostGIS
possesses, is the security and user authentication. There are several security
mechanisms; one is file protection which restricts file reading and writing only to the
superuser. Client connection could be limited by IP address/username and
authenticated via certified external package. By default, users will not have write access
unless they create their own database, and require username/password upon log-in.
The user authentication process in PostGIS ensures only genuine users have access to
the database by checking against the information in the pg_user class and further
verified by the user shell and the network. If any attempt fails to meet the required
authentication, access permission will be rejected (PostGlIS.net; PostGlS.org). The ability
control access to prevent potential risk by allocating appropriate access rights to each
user is another security mechanism. Other security measures include trigger and
transaction functions which are built-in the PostGIS database (Miller, 2017). The benefits
of PostGIS are the variety of supported extenders that further enhance the capability of
PostGIS. For example, PGRouting extender enhances PostGIS database for building
navigation applications which leverages the popular shortest path algorithm Dijkstra
(Pastewski, 2017; pgRouting, 2020), and web map applications which work seamlessly
with the two popular web-map servers, GeoServer and MapServer (Obe & Hsu, 2011;

PostGIS.net; Zouagui et al., 2017).

2.3 Types of spatial analysis enabled by native PostGIS functionality

PostGIS database comes with rich spatial functionalities. It is regarded as one of the

most potent spatial analytical tools built-in a relational database currently available on
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the market (Bartoszewski et al., 2019b; Shukla et al., 2016). One project exploiting
PostGIS’s analytical tool was estimate shoreline movement and changes overtime in
Poland (Kostecki, 2018). Various functions were used in the estimation but primarily
comprise st_makeline, st_segmentize, st_closet, and st_dwithin. These tools were
ready-to-use in PostGIS, making it convenient for the researcher to conduct the study.
The statistical results and output geometries resulting from the study were visualised in
R and QGIS, respectively, once connected to the spatial database (Kostecki, 2018). There
is a rising trend of storing and visualising ever-increasing spatial and temporal real-time
or near-real-time data in order to respond to decision making in a timely manner; for
instance, meteorological, environmental, and climatology. This capability was exploited
by Gutiérrez et al. (2018) in a study on spatial analysis and geo-visualisation of near-real-
time precipitation data obtained from the Global Climate Monitor and Eurostat for
southwestern Europe (Eurostat, 2019). This study leveraged the power of PostGIS and
other open-source technologies such as QGIS to store and handle CSV-extracted spatial
objects within the relational database ecosystem, fulfilling the analysis and visualisation
of time-series, and enabling users to view the data near real-time. The study suggested
that integration was highly capable of handling ever increasing spatial and time-series
data and, meanwhile, delivering excellent analytical and geo-visualisation. The output

data were also visualised on the web with the aid of QGIS cloud (Gutiérrez et al., 2018).

2.4 PostGIS databases as a foundation for building open-source Web-GIS
applications

There are several terms commonly associated with Web-GIS such as web-map/ping,
Geoweb, distributed GIS, internet GIS, map portal and online mapping. Since the term
Web-GIS appears regularly during the literature reviews and best reflects the
terminology, this literature review uses the term Web-GIS to refer to any form of
displaying, creating, or distributing geospatial datasets on the world wide web. Web-GIS
applications provide users the ability to access, design, distribute, retrieve, and visualise
geospatial information over the web (Hess S, 2002; Neumann, 2008). The open
geospatial consortium (OGC), found in 1994, is an international cooperation aiming to
integrate geographic information system as part of the world information system. It
develops open interface standards, encoding, best practices that facilitate users to

interchange geospatial information with other information systems, and encourages
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OGC’s standardised geospatial information approach amongst its members (Landmap
Geoknowledge, n.d-d; OSGeo Live, n.d). OGC’s open standards for displaying Web-GIS
contents on the web consist of web map service (WMS), web feature service (WFS), and
web coverage service (WCS) (Landmap Geoknowledge, n.d-d; OGC, n.d-a). The most
widely adopted WMS protocol allows clients to retrieve data in the forms of ready-made
georeferenced map images such as jpeg, png. This protocol allows multi-source maps,
and interoperability to be displayed for the client, making it easy to view the maps even
for devices with limited processing power (Landmap Geoknowledge, n.d-c; Michaelis &
Ames, 2017; OGC, n.d-d). The other web-GIS content is the WCS whose protocol allows
maps to be visualised on the web, and the contents to be defined by their spatial and
temporal characteristics. Users can download the data in various raster formats such as
geotiff, hdr, jpeg2000; for instance, digital elevation model (DEM), satellite imagery.
These data are suitable for advanced users with access to desktop-based computer for
pre-processing and analysis (Landmap Geoknowledge, n.d-a; OGC, n.d-b). The last web-
GIS content of OGC is the WFS whose protocol is requesting and disseminating web
applications in vector formats at the feature level and export requested data in standard
formats such as Geographic Markup Language (GML) based on user’s defined
geographical extent. This protocol gives users full access to the data. Therefore, users
have the freedom to manipulate their preferred way on their local machine (Landmap

Geoknowledge, n.d-b; OGC, n.d-c).

Web-GIS technology has been evolving rapidly in previous decades due to the
rise of smartphone, internet, and advancement in GIS technology; enabling users to
view, generate, analyse, and visualise geospatial data online almost entirely without the
need of computer GIS (Mohamad et al., 2016). For instance, people can easily find the
shortest route to a location using location-based service. With the aid of the internet,
linking information to a location is much more efficient (Veenendaal et al., 2017). The
most essential component of Web-GIS is the ability to efficiently distribute and exchange
geospatial datasets on the web, enabling individuals to visualise datasets and make
decisions in a timely manner. Consequently, the demand of WebGIS in various
applications is ever increasing (Singh & Singh, 2014). To build a functional WebGIS, a
framework service is required, either proprietary or open source, that connects to the
database at the backend and displays the geospatial data over the web browser (Miller,

2017). Currently, there are several options such as MapServer, GeoServer which are
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open-source, and ArcGlIS Server, Oracle, Mango Map which are backed up by companies.
A typical infrastructure of Web-GIS involving spatial database, web map server, web
server, and mapping libraries is shown in Figure 6. PostGIS has been the best all-rounder
for building Web-GIS application using open-source technologies especially when
integrating with either MapServer or GeoServer as map server, as well as their superior
performance when handling large spatial datasets (Swain et al., 2015; Zhonghai et al.,

2009).

The main advantage of PostGIS as back-end database for Web-GIS is that its
database and geographical extender has a wider range of support and seamless
integration for both proprietary and open-source web map servers, as well as full
compliance with OGC standards. Unique spatial functionalities such as data validation,
topology check, and coordinates conversion further fulfil the packages (Piérkowski,
2011). However, MySQL is another open-source database with spatial capabilities that
can support Web-GIS applications. It is partially dependent on one standard and only 2-
d dimension without reference sets and no support for raster data (Pidrkowski, 2011;
Swain et al., 2015); it also uses minimum bounding rectangles instead of true geometry
when executing queries, making it less accurate (Zhonghai et al., 2009). Similarly, WAMP
(which stands for Windows/Apache /MySQL/PHP), is a another widely adopted tool for
building web applications but this fall short due to incompatibility issues for other
operating systems such as Mac and Linux, as well as limitations as mentioned above for

MySQL Spatial extender (Agrawal & Gupta, 2014; Singh & Singh, 2014).

MapServer and GeoServer are the most WebGIS Architecture
popular open-source WebMap servers for kst

building Web-GIS application. The

following sections 2.4.1 and 2.4.2 further -
WebServer Back-end Server, Apache

Apache tomcat

explain how these map servers are

Supported by POStGIS as baCk'end MapServer, GeoServer, Mapbox

database.

Spatial Database PostGIS, MySQL spatial

Figure 6. A typical infrastructure of a WebGIS
(Miller, 2017, 04:38)
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2.4.1 PostGIS database for MapServer application

MapServer, developed by University of Minnesota (Ballatore et al., 2011), is a widely
adopted open-source web map server for publishing spatial data online. It is fully
compliant with various OGC’s web content standards such as WMS, WFS, and WCS; as
well as delivering high performance in processing large geospatial datasets (Singh &
Singh, 2014). MapServer platform supports a variety of both vector and raster datasets
via the Geospatial Data Abstraction Library (GDAL). It runs on the Apache and Microsoft
web servers via common gateway interface (CGl) application (Ballatore et al., 2011;
Singh & Singh, 2014; Swain et al., 2015). MapServer also has a fully customised support
for rendering map symbology file. Several programming languages such as Perl, Java,
.NET, PHP are inherently supported with MapServer, and it has seamless connection to
relational databases such as Oracle, MySQL and PostGIS (Ballatore et al., 2011). PostGIS
compatibility was added following the release of MySQL version 3.5 (Brovelli & Magni,
2003).

There are several Web-GIS applications powered by the integration between
MapServer and PostGIS as web-map server and back-end database respectively. For
instance, Brovelli and Magni (2003) developed an interactive Web-GIS called
ArchaeoGEW for an archaeological site in Northern Italy based on the implementation
of PostGIS, MapServer, and Apache web server. The purpose of this Web-GIS was to
facilitate easy access to information, for both expert and novice users, for archaeological
perspectives including their unique geographical features and significance in order to
encourage the conservation efforts of this heritage and the surrounding environment.
This Web-GIS achieved significant results as it enabled geospatial information viewing
on the web, as well as auxiliary information such as photos and GPS survey. Single and
multiple queries could be used to extract data and information, and allowed direct data
uploading via web graphical user interface (GUI) to the database. It also enhanced an
entire table editing, updating, and displaying simultaneously on the web browser
(Brovelli & Magni, 2003). In another study, Singh et al. (2012) successfully built an
interactive Web-GIS using complete open-source tools. It was capable of storing and
displaying sizeable vector-based administrative spatial datasets of the city of Agra in
India, while adding spatial analysis capability for the users, thanks to the implementation
of object relational database via PostGIS. The platform, implemented on Microsoft’s

ASP.NET using MapScript’s language, was connected to the spatial database via PostGIS.
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MapScript is also available with several popular scripting languages such as Python, Java,

and PHP (Singh & Singh, 2014; Swain et al., 2015).

2.4.2 PostGIS for GeoServer application

Like MapServer, GeoServer is an open-source WebMap server developed by the Open
Planning Project (TOPP) in 2001. Since the release of GeoServer version 1.5.3, the
developer communities looking after GeoServer have grown considerably to account for
more than six companies worldwide (Deoliveria, n.d). Besides being fully compliant with
OGC’s standards of WMS, WFS, and WCS, GeoServer also complies with WFS-
transactional, meaning it enables users to edit features directly on the web. In addition,
GeoServer expanded its compatibility with OGC’s styled layer descriptor (SLD) to allow
the rendering of map layer symbology. Other significant features include the support for
Openlayers, Google Earth, and GeoWebCache for map titling (Ballatore et al., 2011). A
review study conducted by Swain et al. (2015) and a case study research by Delipetrev
et al. (2014) solely focussed on building water resources modelling Web-GIS using open-
source technologies, specifically the implementation of GeoServer and PostGIS. The
results suggested the integration was capable of publishing water resources geospatial
modelling data on the web, enabling multiple users to access, retrieve, and editing water
resources related data entirely on the web browser without the need for any software.
GeoServer has also implemented web interface for data configurations on the server,
making it more user-friendly for searching, presenting, and downloading geospatial
maps. It uses Java library Geotools for supporting spatial types vector and raster. Even
though GeoServer is open source, it could work greatly with commercial packages. If
users experience data workload and slow performance, one resolution is to utilise
GeoServer’s multiple repository connectivity (Delipetrev et al., 2014). GeoServer is fully
compatible with commercial databases such as Esri’s ArcSDE (Spatial Database Engine)

and Oracle Spatial (Agrawal & Gupta, 2014).

2.5 Employing PostGIS database to manage and geo-process land-use and
land cover spatial datasets

There are a number of projects storing and processing land use and land cover (LULC)
within the PostGIS database (Bastin et al., 2013; Cousins et al., 2015; Mukhopadhaya,
2016). The LULC are often viewed as complex and dynamic because they often require

frequent updates to reflect the changes on the ground. Therefore, updating is an
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important tool for a spatial database to maintain these data effectively (The Agro-
Biodiversity Initiatives, n.d). Land-use and land cover are classifications that convey the
characteristics of the earth’s surface at a particular location. Land-use generally refers
to the human activities and operations on those land parcels in order to gain benefits or
cultivate products out of that land. Land cover usually refers to the surface cover or
features on the ground - natural and man-made-which are visible on the earth’s surface.
LULC data are derived from various methods such as participatory mapping, remotely
sensed satellite imagery, digitisation, and semi/full classification (Bastin et al., 2013;
Coffey, 2013; MAPASYST, 2019). Land classification and its nomenclature is a systematic
approach to organise land classes into groups with specific criteria and the relation
between them. Often they hold a unique ID field as a primary key which is then used to
link with auxiliary information such as land-class or sub-class in order to fulfil those

datasets (Di Gregorio, 2005).

In a study by Brovelli et al. (2016), PostGIS database, coupled with other open-
source Web-GIS technologies such as GeoServer and Leaflet, was capable of publishing
both vector and raster-based LULC onto the web, as well as providing basic GIS
functionality as shown in this study. The high-resolution European Urban Atlas land
cover data were stored in the respective raster and vector databases and communicate
with GeoServer for server-side, interact with spatial data via JavaScript library Leaflet
and bootstrap framework for user interface, and render symbology file from the web
server. The study successfully established a functional Web-GIS displaying LULC data
with some desktop GIS functionalities such as layer selection, activate/deactivate layers,
visualise and analyse LULC data and display LULC related photos uploaded by the users
(Brovelli et al., 2016). Zambelli et al. (2012) explored PostGIS database in concurrent use
with GRASS GIS to develop a model for estimating biomass availability in an Alpine
forested area of Italy for renewable energy production. This study showed that PostGIS
database had the capability to manage and geo-process large volume of input forest
inventory data, as well as optimising calculation in a highly efficient manner. The model
successfully identified suitable areas for timber harvesting based on the two input

criteria, ground-based harvesting and cable harvesting (Zambelli et al., 2012).
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2.6 Managing geospatial datasets within a PostGIS database by small to
medium-sized organisations

PostGIS has enabled users to effectively interact with geospatial information within a
relational database (Mikiewicz et al., 2017). Many small to medium-sized organisations
around the world have embraced this open-source technology to manage their
geospatial datasets. For instance, the Institut Géographique National (IGN) (2020), the
national mapping agency of France, has adopted the PostGIS back-end database
containing all relevant geospatial layers. While using GeoConcept GIS for editing, the
data could be synchronised simultaneously between the two platforms. The IGN team
could successfully retrieve data from file-based storage and insert them into PostGIS
database, allowing users to edit and update data directly from the connected spatial
database via GeoConcept. Multiple updates of the same features can be achieved
simultaneously. The other feature was the ability to synchronise the data between the
backend database and frontend GIS software; an error pop-up will prompt if multiple

users are editing the same features (IGN, 2020).

In another study, Zheng et al. (2013) exploited the built-in PostGIS spatial
functions in combination with an enhanced wayfinding module based on the Dijkstra
algorithm. The study was to create a cost-effective pedestrian wayfinding utilising free
and open-source modules and OpenStreetMap API to create a wayfinding that best suits
small towns or regional authorities. Various user groups require different approaches to
wayfinding according to demand, behaviour, and geographical characters. Therefore,
creating a customised wayfinding would best suit each specific user group, and open-
source GIS tools are the most efficient and cost-effective. The way-finding module was
created based on PostGIS database and java-based module, which had proven to be very
efficient and cost-effective, as well as offering flexibility for future refinement. It has
been shown that it was a viable tool, especially for small to medium sized administrative
organisations or business entities and holds great potential for future scalability (Zheng

et al.,, 2013).

2.7 Utilisation of PostGIS database in other geospatial domains
Location-based service (LBS) has been proliferating in recent decades due to the

widespread of mobile phones, internet, social media, and geotagged information

(Shankar et al., 2012). LBS utilises the built-in GPS functionality found on today’s mobile
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phones where users can track a person’s location through shared or checked-in
locations. LBS providers include Google Maps, Yelp or Zagat. Users can identify nearby
services, such as restaurants, and obtain auxiliary information such as ratings, photos,
or reviews of the location to make their decision. PostGIS was employed in a location-
based service development in a study by Shankar et al. (2012) to compile, index, and
rank location based on users’ crowdsourcing information and users’ weighted expertise.
PostGIS’ primary function in this study was data indexing of the social-media feeds
crawling, storing them as tags and sending them to query processor prior to performing
the ranking by the engine. Search query was possible due to PostGIS’ powerful R-tree
indexing. As a result, PostGIS database was a successful integration in this study and

delivered exceptional performance (Shankar et al., 2012).

Despite growing interests and developments in integrating GIS datasets into a
relational database, much focus has been on the vector format, leaving a gap on raster
data especially ever-growing remotely sensed datasets (Lee & Kang, 2010). The study by
Lee and Kang (2010) explored the potentials of storing and managing complex remotely
sensed raster datasets inside a relational database for fast processing, effective,
security, and data integrity. Open-source ORFEO Toolbox (OTB) and PostGIS were
chosen to manage and geo-process raster-based imagery due to its multiple-file formats
support, enhanced GUI, and database connection capability. OTB has been designed to
work exclusively with raster file format and is compatible with several operating systems
and databases. PostGIS was proven to be an integral part of this combination,
successfully connected to the OTB engine to read and import several raster files such as
GeoTiff, Jpeg2000, BMP, PNG, SAR, and Korean National Image Exchange (NIX) file, and
display segmentation results on the web applications. OTB is considered one of the most
powerful open-source raster toolboxes, capable of handling numerous geoprocessing
such as radiometric calibration, supervised classification, and segmentation (Lee & Kang,

2010).

2.8 Limitations of PostGIS database

Despite the power and spatial capabilities of the object relational databases (e.g.,
PostGIS), relational databases have limitations in certain areas. For example, PostGIS
cannot be optimised for the ever-increasing, large geospatial datasets, specifically

geospatial big data due to their intact geographical properties. In addition, PostGIS
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databases lack support for distributed and parallel computing architecture such as
Apache Hadoop and NoSQL MongDB, which allows data to spread across multiple
servers with increased computational power and not compromise on system
performance (Lee & Kang, 2015). Many scientists believe that, in the future, big data will
play a crucial role in addressing global issues such as deforestation, threats to nature,
eco-environment, and earth science (Lo, 2019). For instance, the recent advent of
Google Earth Engine (GEE) has given users the power to process and analyse large
geospatial datasets via Google cloud platform on a planetary scale without parallel
computation power, thanks to Google’s supercomputing infrastructure (Geohackweek,
n.d; Gorelick et al., 2017). Furthermore, another limitation of the PostGIS database is
actually the nature of being structured. As datasets become bigger, it is more difficult to
accommodate those datasets with sufficient level of performance (Lo, 2019). PostGIS is
not a viable tool for handling big data and the future potential platform for hosting big
data may rest with distributed computing and NoSQL database such as Apache Hadoop,

MongoDB, or spatial online analytical processing (SOLAP) (Lee & Kang, 2015; Lo, 2019).
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Chapter 3 Research approach and methodology

Phase 1. Compiling data and structuring the PostGIS database

At the start of the research, all selected geospatial and auxiliary datasets obtained from
the Ministry of Agricultural and Forestry of Laos (MAF) and official website portal,
underwent cleaning, compiling, and structuring in logical order, and in compliance with
the requirements of the relational database. PostGIS database and schemas were
created to host data tables and establish relationships between them. Schemas were
appropriately named to help provide users good comprehension about the table
contents residing in each schema. These tasks were carried out in Auckland, New

Zealand between April and May 2019.
Phase 2. Developing and testing SQL algorithms within the PostGIS database

Once all the relevant datasets were inserted into appropriate schemas of the spatial
database, development SQL algorithms based on two test scenarios began and were
tested on a localhost of the spatial database. The SQL algorithm for each test must meet
the objectives for returning the results as indicated in testing scenario. Thus, each test
was iteratively run and tested until satisfaction was met. Testing of all SQL algorithms
was carried out in a replicated environment with appropriate computer equipment. The
testing helped to determine the feasibility of the introduced solution and identify areas
for improvement prior to the actual test evaluations in Laos. These tasks were carried

out in Auckland between June and October 2019.
Phase 3. Validating the utility of the database within a real-world case study

In the last phase of the study, the researcher validated the utility of the database and
PostGIS database functionalities via test evaluations with input LULC data at the
participating organisation with research participants in Vientiane, Laos between
November 2019 and January 2020. The initially developed SQL algorithms were fine-
tuned with the participants and testing carried out with respect to available facility
infrastructure. Both quantitative and qualitative data were obtained to assist the

analysis.
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3.1 Participants

Four research participants were invited to take part in the study. Participants were
chosen based on the selection criteria that best suited the accountability for using open-
source relational database and QGIS. Selected participants were from the participating

institutions and included:

e Aland-use planning/GIS technical officer
e A forestry technical officer
e Alecturer from Souphanouvong University

e An assistant lecturer from the National University of Laos (NUOL)

3.2 Datasets and organisation

Two data types were used to support this investigation; first, the selected geospatial
datasets within the PostGIS database and second, the test evaluation results and
qualitative survey data derived from the participant interview. Test evaluations results
were analysed to give insight into the assessment based on the pre-determined test
scenarios while participant interviews supported the study by revealing the user’s
exposed experience and perspectives. Different people may have different opinions and
perspectives towards the introduced system depending on the conditions and contexts
to which they were exposed. Thus, it is essential to find out common perspectives

amongst the participants.

Four primary schemas were created to accommodate all vector-based data used
in this study. Forty geometric tables and six attribute tables (non-spatial) were imported
into each schema using graphical user interface DB Manager on QGIS that was
connected to the spatial database. A database schema is a structured collection of tables
that provides a logical view of the relational database. It also defines the relationship
between tables and how they are organised (Lucidchat.com, n.d; Tutorialspoint.com,
n.d). Typically, a schema would contain relevant tables that best match the schema
description, so it is easy and logical for the users to locate the table. During the database
design, it is a good idea to map out schemas and respective tables on a diagram so that
they can be fine-tuned until satisfaction is reached. Upon completing the import of
tables, the tables were indexed using GiST scheme (Generalized Search Tree) using the

SQL function. Table 3 demonstrates the data organisation in this study.
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Table 3. The number of tables and the description of each schema.

Schema Description Number of tables

admin Contains geometric tables associated with 8
administrative data such as boundary, village
location, roads/rivers

forestry Contains forestry-related GIS tables, mostly 3- 7
forest category boundary and some management
zones

LULC Contains all 18-province village-level land-use 25

and land cover GIS tables (some provinces may
have more data than the others)
results Containing resulting tables after executing query 2
(attribute tables to join
with additional data)

se Contains non-GIS attribute tables of social and -
economic data collected from village-level land-
use planning activities

public Public schema by default 6

A study about the local coordinate reference system revealed that there are
several geographic coordinate systems (GCS) or datum being used in Lao PDR (e.g.,
Indian 1954, Indian 1960, Vientiane Datum 1982, Lao Datum 1993), but the primary ones
currently used are World Geodetic System 1984 (WGS84) and the Lao National Datum
1997 (Lao1997) (Nilsson & Svensson, 2004). Lao1997 datum represents a local datum
whose centre of the spheroid is offset of the original earth centre, and thus a point on
the surface of the spheroid is matched to a particular position of the earth. This local
datum has the advantage of having the spheroid with good approximation to the size,
shape of the sea-level surface, and geographical context of that particular region
(Nilsson & Svensson, 2004). Meanwhile, WGS84 is a latest version of the World Geodetic
System (WGS). It is a standard coordinate reference system which is based on a spheroid
model of the earth and expresses latitude and longitude in angular units (dd:mm:ss or
decimal degrees). It is widely used in cartography, geodesy, and satellite navigation

systems (Buckley, 2010; GISGeography, 2015).

Since the Global Positioning System (GPS) uses WGS84, and most GPS devices
receive satellite signals from GPS navigation satellite systems, they output coordinate
references in WGS84 formats. As a result, WGS84 projection has been increasingly
adopted and users do not need to transform projection between WGS84 and Lao1997

(Nilsson & Svensson, 2004). The geographic WGS84 datum is often used for small-scale
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maps such as country, region or province level, providing a much larger geographical
extent. Another projection commonly used is the WGS-84 UTM projection, which is a
projected coordinate system of the Universal Transverse Mercator (UTM). WGS-84 UTM
is projected onto a flat surface, two-dimensional representation of the earth surface and
is based on WGS-84 geographic coordinate system for spheroid model. Unlike WGS84
geographical coordinates, UTM projection has a constant linear unit of measurements,
so the calculations of distance and land area are much easier (ESRI, n.d; IBM, n.d; Nilsson
& Svensson, 2004). Large to medium scale topographic, surveying, and engineering
maps - especially site-specific or village-level mapping - usually prefer WGS84 UTM
projection as it contains Cartesian coordinates in metric units, making it convenient for
calculations (GeoRepository, 2020). Laos lies between UTM Zone 47N and 48N
(Northern Hemisphere). For WGS84 UTM projections, the dataset was imported into the
spatial database by reprojecting to either UTM 47 or 48. Figure 7 shows the map of the

world in UTM projects and zones in Laos as shown in Figure 8.
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Figure 7. UTM projection divided into different Figure 8. UTM projection zone 47
zones for the world. and 48N that covers Lao PDR.
Source: Penn State College of Earth and Mineral

Science https://www.e-education.psu.edu/

3.3 Testing scenarios

Two test scenarios were created to help guide the performance evaluations of the
introduced solution. The test scenarios were based on the common spatial operations
for dealing with LULC datasets. Performance evaluation in test scenario-one was carried

out on QGIS and PostgreSQL console (PG admin), remotely connected to the spatial
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database via LAN connection, to assess selected spatial functions and standard data-

retrieval queries. The test evaluation consisted of:

1)

2)

3)

4)

Geometry editing which included the on-screen editing of GIS features on QGIS

such as creating new geometry and shapes, editing and saving features/tables,
and preserving local Lao fonts in the attribute tables.

Standard spatial operations which examined the QGIS’s merge, union, and clip

functions between two and multiple features.

Statistics summary which performed the calculation of the LULC data tables and

distinctively summarised into respective categories such as administrative
province/district, land area, and land typology; and

Data-join with auxiliary data whose operations involved selected SQL queries

and PostGIS’ spatial functions to join geospatial datasets with auxiliary tables in

order to further complete the information.

The test scenario-two attempted to perform more complex data manipulation and

spatial-join between geometric spatial datasets and attribute tables exploiting native

PostGIS functionality over on PostgreSQL console (PG-Admin) using SQL. This test also

carried out additional spatial functions that were previously unavailable with the exiting

workflow. The test evaluation consisted of:

1)

2)

3)

Identifying and locating features within a relationship using PostGIS’ algorithm

to check/calculate between two or multiple feature tables (e.g., ST_Within) and
return the resultant tables if the statement is true. The table can be displayed on
PG_Admin as tabular format or plotted for graphical visualisation on third-party
applications;

Statistics calculation of LULC data by joining with auxiliary information and

summarising into major land typology in order to form comprehensive sentiment
about the data. This execution can also be coupled with spatial functions to check
for relationship between the geometries; and

Data-join with auxiliary data (census data) by matching unique identification of

administrative regions such as village, district, or province. The resultant tables
can be further analysed in the GIS environment; for instance, creating hotspot

map, gradated symbols, interpolated map, and other visualised maps.
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3.4 Equipment

Primary equipment used for conducting the evaluation were the existing and accessible
IT infrastructure at the participating institution in Lao PDR and some equipment from

the Auckland University of Technology (AUT). The following Tables 4 and 5 detail the

equipment used in this study.

Table 4. List of software applications.

List of equipment

Specification

Remark

PostgreSQL

PostGIS

QGIS
Python

Lao script

PostgreSQL relational
database

Geographical objects extender

PostGlIS for PostgreSQL
relational database

QGIS — GIS software
Python 3

Lao application and font

Version 11.5 August-2019
downloaded from

www.enterprisedb.com

Version 2.5 via PostgreSQL’s
online stack builder
installation

Version 3.8 (Zanzibar)

Version 3.7.3 April 2019
downloaded from Anaconda
website

Version 8 downloaded from
www.laoscript.net UTF-8
encoding

Table 5. List of hardware equipment.

List of equipment

Specification

Remark

PC Computer

Laptop computer

Network LAN
connection

Ethernet Switch

Intel Core i5 2.5 GHz
RAM 8 GB

Windows 8 Professional

Intel Core i7 2.6 GHz
RAM 16 GB

Windows 10 Professional

Network LAN using CAT 5
cable. With internet
connection

10 Gigabit Ethernet Switch

The desktop computer
hosting PostGIS database

This laptop is used for
accessing the spatial data via
LAN

Network LAN between PC,
ethernet switch and client
user

To extend connection
between computer and the
network
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3.5 Data analysis

Evaluation-based statistical figures were analysed in comparison with the performance
obtained from the existing workflows at the participating institutions. Statistical analysis
was plotted in Microsoft Excel in order to determine the overall performance efficiency
from the statistical perspective. The analysis and interpretation of qualitative data such
as participant interviews, observation, or questionnaire required several steps to
determine and conclude the research findings. Based on Leavy (2017), the process

generally consists of the following steps:

1) Data preparation and organisation

2) Initial immersion of the data

3) Data coding

4) Code categorising and developing themes

5) Interpretation

Data preparation and organisation, such as transcribing or scanning the data, are
the first step for the researcher to prepare the data for analysis. The second step is to
make an initial immersion of the data in order to gain the first sight and feeling of the
data collected prior to analysing (Leavy, as cited in Hesse-Biber & Leavy, 2006, 2011).
This step also helps the researcher to develop initial ideas and plans that are necessary
for conducting the following steps. The third step is considered the most important -
coding - wherein the researcher breaks down essential pieces of collected data into
meaningful code by assigning a word or phrase to a segment of data. The selected code
should carry the essence and meaning of the data segment (Leavy, as cited in Saldafia,
2009). The fourth step is the categorising and developing themes of the collected codes
by collating similar or related codes together. It is also vital to identify patterns,
relationships, and repeated themes amongst the codes. Once codes are split into
groups, it is important to spot emerging themes. The final step is the interpretation of
the data by the researcher, determining the meaningful interpretation of the collected
data and answering what do the data really mean (Leavy, as cited in Hesse-Biber &
Leavy, 2011). Once the findings from the two approaches start to unfold, they would be

cross-compared and evaluated to form perspectives between the two data types.
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3.6 Ethical compliance

An important aspect of this study was to conduct research activities ethically. Ethical
concerns were appropriately addressed according to the AUT Ethics Committee’s
(AUTEC) ethical guidelines and advices to ensure the research adhere to legal
obligations, culture and social practices, and academic requirements. Sandu (2019)
emphasised the importance of ethics compliance, stating that it is about delivering the
research findings and results with precision and honesty, presenting the author’s
contribution with accuracy and fairness. The researcher must ensure all the participants
involved are protected throughout the process, and the researcher is committed to
preventing and mitigating any potential conflict of interest. An ethics application was
served as a safeguard for both the researcher and the participants as reflected on the
core vision of AUTEC. This research obtained ethics approval from AUTEC on 1% May
2019 and is valid for three years until 30™ April 2022. The following ethical

considerations were addressed during the study.

o Research participants were recruited by a third party via a formal contract
agreement in order to avoid potential conflict of interests, prior to the
commencement of any activity.

o Participant interviews were conducted outside of their office area in order to
promote more freedom and avoid conflict of interest or work-related influences.

o Contract agreement took into account the obligations of the researcher and
participants in order to ensure that (1) potential risks were mitigated, (2)
deception was prevented, (3) cultural/social sensitivity were suitably addressed,
and (4) research adequacy was fulfilled.

o Identifiable information was replaced by the use of generic terms including
fictitious names where applicable. Confidential information and data will not be
published unless agreed by the concerned parties.

o Paper-based information including agreement, consent form, interview
guestions, and research findings were stored with the secondary supervisor
located at the School of Science, Faculty of Health and Environmental Science,

AUT city campus.
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3.7 Limitations and difficulties

AUT and Faculty of Health and Environmental Science provided constant support and
guidance for the researcher to carry out this study. Nevertheless, there were several

limitations experienced throughout the study as below:

o It was difficult to motivate Lao research participants without financial reward.
There was not much funding involved in this study and people would rather
participate in a research project with financial incentives.

e Many Laotian people do not view academic research as a fruitful way of acquiring
knowledge since they perceived that academic research lacks local participation
and the long-term commitment needed to produce reliable scientific outcomes.

o Obtaining official approvals was a lengthy process involving various
communication and formal requests.

« It was difficult to gain permission from participating institutions to access IT and
network equipment since there were concerns over security, confidentiality, or

risk for data being disclosed, corrupted or lost.
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Chapter 4 Research findings and analysis

Test evaluation records on PostGIS console (PG admin) were captured to determine the
performance and efficiency of the spatial database using input LULC data. Time intervals
were manually recorded to represent the performance efficiency of participants’ task
operations. A set of features (shapefiles) were prepared in advance and logical order.
Manual time records were treated as the baseline for the comparison. Evaluations
results were analysed on Excel spreadsheets, and participant perspectives were

analysed using the qualitative research method.

4.1 Participants background competency

Three out of four participants were categorised as competent users with several years
of experience in spatial data management and land-use planning activities; only one
participant was considered a novice as he primarily used GIS to aid his decision-making
and planning. There were various GIS-related tasks involved, up to four and more. Most
participants were familiar with geodatabase from ESRI, while only one person had
experience with Microsoft Access for managing relational data. QGIS was the only open-
source GIS software in which they were familiar with its functionalities and spatial
analysis tools. Some participants further enhanced its potentials by integrating it with
various applications such as land registration/titling, mobile data-collection, and
relational database. Figure 9 and Figure 10 demonstrate the information on the

participants’ background competency.

P1 P2 P3 P4
H Catography M Statistics Data retrieval
Geoprocessing B Other task = QGIS = PostgreSOL = PostGIS = MySQL
P = participant Figure 10. Open-source GIS and relational

Figure 9. Primary GIS related jObS database software package
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4.2 Results of test scenario-one

The test evaluations of scenario-one included two primary test functions with a total of
10 specific tests performed on QGIS and standard SQL query on PostGIS console (PG
admin) with the datasets remotely connected to the spatial database via LAN

connection. The results are summarised in Table 6.

Table 6. Evaluation results of test scenario-one.

Test evaluation Time taken (sec) Latency Execution

I. Geometry editing capability

(Determine if the task is functional, not on efficiency)

1.1 Create features on QGIS - No Success
1.2 Edit features using cut tool - No Success
1.3 Save features and tables - Yes Success
1.4 Font encoding - - Success
2.1 Merge features (two or multiple) 480 No Success
2.2 Union features (two or multiple) 10 No Success
2.3 Clip (two features) 89 No Success

[Il. Summarise LULC statistics Time taken (msec) Latency Execution

3.1 Calculate and summary LULC and sort
by district, province, and land typology.

IV. Spatial join with auxiliary data

4.1 Spatial join with auxiliary data and
geometric data

70 No Success

429 No Success

4.2 Storing and applying LULC land-class - - Unsuccessful

4.3 Analysis and discussion of test scenario-one

The test evaluations, exploiting merge and clip functions using datasets connected to
the spatial database, were performed on QGIS. They took around 480 and 89 seconds
respectively, while the union took considerably lesser time at only 10 seconds. As
expected, these three standard operations took longer times when compared to the
performance using locally stored datasets of the computer. Notably, the time taken to
execute union function was almost identical between the datasets of the two
directories. Figure 11 shows the time differences of operations performed on the spatial
database and localhost (locally stored on a computer’s hard drive). Meanwhile, simple

SQL query performed on PG admin performed fast and efficient at only 570 milliseconds
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with no latency encountered. Similarly, queries coupled with PostGIS’ spatial functions
were successfully executed at only 429 milliseconds. SQL queries were able to iteratively
group sub-landclasses into major land typology for better comprehension, especially
from the land management perspective. Additionally, encoding UTF-8 when initiating a
new database would allow PostGIS database to preserve the Lao characters storing in
the attribute tables. Thus, there is no need to encode UTF-8 every time a new table is
created. Exported tables could be used interchangeably between GIS and spreadsheet
applications without any loss of font-embedded information. Figure 12 shows a
screenshot of an attribute table resulting from SQL query with the Lao characters

preserved.

Furthermore, based on the qualitative data of the test scenario-one, the
participants noted that working on datasets that are connected to the centralised spatial
database via LAN connection was feasible using the existing IT infrastructure found at a
typical government office in Lao PDR. The findings suggested some minor latency when
executing SQL select statements, and notably the delays when saving the table during
the editing mode on the QGIS. Apart from that, cut, create, edit, or aggregate features

are functional with no delay communicating to the data source.

() CLLKM_BP bnd 41vil 041119 :Features Totali 41, — O X
[+ & V7 E &
Union . knamelao  vrnameeng  v.name_lao Aeaha |+
1 | siuGaw Suedy  Thakachan v, BINEAD 2351
2 |siudwguey  Paxiou L. UM3o 2456
Merge _ 3 | Hwdwgueg  Khoaymaep L. BOIBCLLV 219
4 | Hudw owegss Ka-i L. =B 5936
5 |Hudweveg  Namchala b, Hyaxge 3994
Clip _ 6 | 5wt buagly Gnavaet L. BFACO0 13651
7 | 5w st Gnavay L. NN 10220
0:00:00 0:01:26 0:02:53 0:04:19 0:05:46 0:07:12 |8 | Hwdwevey  Nguk v.%n 5611
9 | Bwdw Sucdy  Napang L. VIV 2005
H via local host ® via database 10| G gua | Chancn o o .
11| sjudw vweqds Laboy v. o:lue 4470
Figure 11. Test evaluation of spatial operations Figure 12. Lao characters encoded
performed on spatial database and localhost with UTF-8 is preserved after writing
and saving.

4.4 Results of test scenario-two

The test evaluations in this scenario comprise five specific tests performed entirely on
PG admin using the SQL query statement in combination with PostGIS’ spatial functions
in order to determine the performance of the spatial database when handling LULC

datasets. The test results are shown in Figure 13 with some notable findings including;
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(1) the queries between two or multiple tables using only matching value without
PostGIS functions returned the results fast and efficient; for instance, the spatial-join
qguery between three tables using matching unique value took only 522 milliseconds to
return the results. (2) The concurrent execution between SQL select query and PostGIS
functions took considerably longer time, especially the use of intersect function

(ST_Intersects), which took approximately 131 seconds.

1. Query between spatial tables and auxiliary data
2. Query between LULC and sort by province/district |
3. Query between 3 or more tables |
4. Query between 2 tables (SQL count and ST_Within) &

5. Query using PostGIS functions (ST_intersect) .

0 20 40 60 80 100 120 140 160 180 200

Existing workflow (sec) B Spatial database (sec)

Figure 13. Test evaluations between existing workflow and execution on spatial database

4.5 Analysis and discussion of test scenario-two

The evaluations of scenario-two involve multi-complex SQL queries by joining multiple
auxiliary tables (both geometric and non-geometric) and spatial data manipulation using
PostGIS’ functions. The test requires the system to perform increased iterations and
processing with input LULC data derived from each schema of the database. For
instance, a query matching field ID or wildcard requires the system to look for matching
ID or given wildcard from one table to another iteratively; or using geometric function
where the system has to perform geometry calculation/checking and then return the
results accordingly. From the five tests conducted, it is noticeable that geometric
intersection took longer times to execute when compared to other similar operations.
This could be due to the fact that PostGIS database has to iteratively check for the
intersection between the target table’s every single bounding box and the input table
bounding boxes; and then return results with specified table values. The same
circumstance applies to functions such as within or union (ST_Within, ST_Union). To sum
up, the tests using both SQL query and PostGIS’ spatial functions with the LULC took
longer times compared to only single SQL query as shown in test numbers four and five

of Figure 13 above.
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However, qualitative data suggest that most participants think the spatial
database has great potential for delivering spatial functionality, especially working with
LULC data. They expressed that the integration has outstanding performance featuring
fast and efficient data retrieval, ability to store attribute/data-join tables, and potent
built-in functions, as well as the efficient search query. The common themes emerging

from the test scenario-two are summarised as follows:

e The efficient retrieval of LULC data from the spatial database is key to geospatial
management, planning, and decision making. Participants were satisfied with the
level of efficiency in data retrieval of the introduced solution. Data retrieval is not
limited to just one SQL select statement; sub-queries can enhance the search and
specify the results. Highly structured data and indexing also enable PostGIS to
access and retrieve data very fast.

PostGlS database has potentials for retrieving land-use and land cover data that
are stored inside the relational database, we could be able to retrieve almost
anything within seconds and export the resultant table to any specified schema.
(Participant 1)

e The second theme that emerged from the interview-based data was the capability
of the PostGIS database to manipulate the data. PostGIS enabled users to create,
retrieve, update, or delete records, tables, and schemas directly via SQL select
statement or graphical user interface (GUI) on QGIS when connected to the
database. PostGIS was capable of assigning land-use typology value in a new field
of the existing LULC table and group sub-landclasses into major land typology, which
was previously unavailable. This data manipulation enhanced land-use data
summary and presentation. Additionally, when using concurrently with QGIS, it
gives users the power GIS capabilities without compromising on native spatial
functions.

PostGlS is able to manipulate the data effectively. From the test, we can use, edit,
and update the datasets directly connected to the database. It was impressive
that we could add new values to the existing LULC tables automatically, and we
could group them into meaningful land-use classes. Moreover, QGIS’s native
functions and third-party plug-ins fill the need for our everyday tasks. (Participant
3)
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e PostGIS enhanced relational database for handling geographical objects with
various spatial functionalities. During the test, a number of spatial functions such as
ST_Intersects, ST_Within were performed to calculate and manipulate the data. The
findings suggested that the spatial database was capable of handling LULC data
efficiently, able to retrieve the results as accurately as in the traditional approach.
We have tested a number of PostGIS functions during the study. In particular, the
test which involves retrieving the information of villages enclaving in a national
protected area (forested area) and then join with land-use planning data to
provide complete information of those target villages. It provided useful
information about the land-use and their geographic features, able to visualise
and compare the land-use information and the forestry data; this would take us

so much time to do it manually. (Participant 1)

4.6 Summary of the evaluation results

Both scenarios tested the introduced spatial database to a certain extent, particularly
in managing and processing large and complex LULC spatial datasets within the spatial
database. A total of 15 specific tests, of both test scenarios, were carried out to evaluate
the systems, which saw over 70 percent increase in performance in both test scenarios
in direct comparison with the existing workflow. Nevertheless, the efficiency of the
existing workflow, which is based on the performance conducted manually by the
participants, may be affected by user competency and speed. Under a typical
circumstance, a user has to complete between two and three steps in a single test.
Specific test tasks in this scenario involving several manual steps are likely to take longer
times. Meanwhile, generalised Search Tree (GiST) indexing, using the minimum
bounding box of geometry, was applied to the LULC datasets and was proven to speed
up the processing and return the query more efficiently. However, the test witnessed
some latency, particularly in test scenario-one, when making changes to the editing
feature. Nevertheless, to put the test results into perspective, the findings are
summarised according to the aspects of potentials, limitations, and recommended

future improvement.
Potentials

e PostGIS database is effective at manipulating data via complex queries, returning

the results efficiently. Joining more than two tables is possible, which was not
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available previously with the traditional GIS, making it useful to query between
multiple data features including non-geometric tables while adding supplementary
spatial functions such as geographical calculation (e.g., intersects, union).

e By using SQL, users can make changes to the tables in a highly effective manner. For
instance, grouping and assigning sub-landclasses into respective typology
landclasses can be automatically done and applied with other geographical
features, making this task like batch processing.

e Storing spatial datasets inside a relational database opens up access to the built-in
geographical extender as found on PostGIS and QGIS’ spatial capabilities for
performing various data manipulation and geoprocessing.

e The speed of executing each SQL query is fast and efficient but varies depending on

the complexity and the iteration of each command.
Limitations

e Some queries did not return the results as expected, particularly when applying
multiple data-sorting such as order-by or where clauses.

e There was some latency when saving the editing table during the editing mode on
QGIS. However, other operations tested did not encounter this issue.

e The database lacked the ability to transform the codes into some form of GUI
commands for ease of use. Some SQL codes were difficult for the participants to

understand.

Recommended future improvements

e There were some limitations for data visualisation. The resultant tables only
appeared in tabular format on the database console (PG admin) unless visualising
using third-party applications or libraries.

e Suggestion has been made to optimise the code and the workflow to reduce or
eliminate the latency when attempting to make changes to the datasets that are
remotely connected to the PostGIS via LAN connection. Each indexing scheme may
react and speed up the process differently between datasets; thus, each indexing
should be closely evaluated for best possible performance.

e Another aspect to note is that PostGIS can only import and store specific formats.
Particular GIS file format cannot be stored within the spatial database. One such file

format is the land classification symbology layer file such as ArcGIS’s lyr file-format
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or QGIS’s gml (Error! Reference source not found.). Layer file is an integral part of L
ULC data; it is helping to improve data integrity and visualisation. Unable to store
this file type within respective schema of the spatial database makes it inconvenient

for users.
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Figure 14. An extraction of a village LULC map with a land-class symbology (gml) applied.

4.7 Potential variables affecting PostGIS database evaluation

A number of potential variables were observed during the evaluations, which could play
a role in affecting the performance of the PostGIS and hinder it from the utmost

potentials. The details of each variable are discussed in the following.

Existing IT and computer infrastructure

At typical small to medium-sized government offices in Lao PDR there was limited access
to IT and computer infrastructure as well as internet access. The computer hosting the
PostGIS database in this study was a desktop-grade computer with less computing
power such as processing and memory, and was considered an entry-level computer.
This was a like variable since it was delivering only basic power with regards to its
available resources. It was also observed that the computer was running other
applications in the background and being used for GIS applications by other users. This
could be a variable that effected the performance speed as well as hard-disk writing

speed since it was performing multitasks simultaneously.
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LAN cable connection and internet speed

The benchmark of transmission speed and data transfer bandwidth of newer versions,
such as CAT-6, CAT-6e or CAT-7, promise to provide higher transmission speed and
performance than the CAT-5 on which the performance evaluation was based. It is likely
that the performance could have been improved if the spatial database is based on a

newer version of CAT cable types. (Martindale, 2020; PlanetTechUSA, 2019).

Even though the internet was not part of the evaluation, since the datasets were
communicated with the spatial database via local LAN connection, a spatial database
connection test using internet WiFi was not carried out since due to fluctuating internet

speed and high traffic during working hours.

Other potential variable

Since solid-state drive (SSD) hard drives have become much more affordable in recent
years, most computers today are equipped with a SSD hard drive for running the
operating system (OS) for faster processing and data retrieval (Hoffman, 2014; Hohl,
2018). Several online sources provide benchmark comparison on sequential read/write
speed between the hard-disk drive (HDD) and SSD. For instance, it has been suggested
that NVMe M.2 SSD is approximately four-time faster than the traditional HDD,
reading/writing at 3,500/2,500 MB/s respectively; while the HDD has the maximum
speed at only 160 MB/s (Jacobi, 2013; Rubens, 16 Jan 2019; TekHattan, 2019). This could
affect the test results since PostGIS database was evaluated based on the computer with
HDD, which possibly made the reading/writing of data slower when comparing to the
SSD. In addition, HDD is also known for having regular drops in speed while reading or
writing multiple files simultaneously or having applications running at the background

(EASEUS, 2020; Lucia, 2020).

The other variable potentially affecting the evaluation of the PostGIS was the
research participants’ competency and knowledge dealing with relational database and
GIS applications. Some users were not very competent and lacked fundamental
understandings about the relational PostGIS database and QGIS which could have
resulted in providing inaccurate responses, and be easily influenced during the
interview. If the research participants were to be more competent and knowledgeable
about the working topic and research, it is likely that they would be able to provide more

precise responses and more constructive opinions and suggestions.
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Chapter 5 Discussions on PostGIS database evaluation and
participants’ perception

The preceding chapters have presented the performance-based evaluations of the
introduced spatial database with the integration with QGIS; including, participants’
perceptions, findings, and results of both test scenarios. This chapter summarises key
discussions resulting from the implementation of the introduced spatial database for
managing selected LULC data in comparison with existing knowledge and literatures. At
the end of the chapter, recommendations are made to guide the implementation of
open-source spatial database for a developing country such as Lao PDR, particularly

utilising PostGIS database and QGIS.

5.1 Comparison between the introduced PostGIS database and the existing
workflow

Discussion on geometry editing, spatial operations, database connection

A number of tests and observations were employed to evaluate the geometry editing
and spatial operations of the introduced PostGIS database. Editing of spatial table
geometries, including create, edit, and save tool, were tested to evaluate the
performance and functionality of the spatial database. It was observed that only the
saving-feature test encountered some delays during the execution. The other tests
performed as good as the localhost data directory. The findings were consistent with

the scholars’ literatures as follows:

e The study confirmed the suggestion of Cagnacci and Urbano (2008) that QGIS’
connection with the PostGIS database enabled users to perform selection of
locations and access to read/write data directly on the client-side. Furthermore,
PostGIS could also automate storing and saving of datasets into the spatial
database using automated scripts. Sveen (2019) also highlighted that PostGIS has
superior geospatial operations and capabilities when compared to NoSQL
database such as MongoDB.

e The study also proved the claim by Lee and Kang (2010) that PostGIS database
connection was capable of connecting the database with client-side applications
such as QGIS with sufficient power and efficiency. For instance, it allowed the

data transfer of very large datasets, enhanced transaction integrity and
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accommodated numerous spatial operations and analysis, efficient clustering,
and load balancing thanks to its ability to utilise multi-processor computer and
efficient use of computing resources. This is consistent with the results of the
current study. Despite having limited computing power, the data transfer during
geometry editing and spatial operation was still sufficient to ensure smooth

implementation.

When compared with the existing approach where users manage their geospatial
datasets locally on their computer hard drive or via USB connection with external hard
drive, it was observed that the operations via the spatial database experienced some
minor latency, especially when saving editing features. Figure 15 shows the time
differences between the introduced spatial database and existing workflow of the three
spatial functions in test scenario-one. The shortest was union function, while clip and
merge functions were 82 and 480 seconds (8 minutes) respectively. Except for the merge
operation, the time execution via spatial database should be practically acceptable in
real life. However, since the merge function took the most extended time, further
optimisation should be made to improve the efficiency. Alternatively, PostGIS database
excelled in preserving the user-defined font encoding. As implemented in this study, Lao
font with UTF-8 encoding was well preserved, making it very convenient for users to use
the exported data tables without additional steps to embed the font. On the contrary,
the existing workflow would have to assign UTF-8 encoding every time they create new

table as shown in Figure 16.

(3} Mew Shapefile Layer
0:08:38
File name Road_polyline
0 . 07 . 12 File encoding UTF-8
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Type | abcText data
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- ———
0:00:00 Mame Type Length Precision
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Clip Merge Union i rier 10
road_name String 10

Figure 15. Time difference of spatial functions  Figure 16. Select encoding style when
between the introduced approach and exiting creating a table on QGIS.
workflow.
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Discussion on data manipulating and performance efficiency

Data manipulating and performance efficiency of the spatial database were evaluated
in both test scenarios including the functionalities previously unavailable in the existing
workflow. The findings were discussed and compared with relevant scholars’ literatures

and findings as follows:

e This study confirmed the claim by Cagnacci and Urbano (2008) that the integration
between PostGIS and QGIS provides sufficient analytical tools for performing spatial
analysis. Users could easily integrate PostGIS database with a variety of software
applications such as R, GRASS, and MapServer. The integration compatibility gives
users the flexibility to implement various applications related to geospatial
information.

e As emphasised in the comparison study by Bartoszewski et al. (2019a) and Sveen
(2019), datasets residing within a relational database constituted a highly efficient
spatial data management and have superior efficiency due to the highly structured
of datasets which were required by the object-relational database such as PostGIS.

e The evaluation also confirmed Shankar et al.'s (2012) study which claimed that
PostGIS’ indexing, such as GiST index, substantially accelerated the search query

and processing.

During the testing, some latency existed when saving the editing features of the
datasets remotely connected to the spatial database, which was not an issue when using
datasets from the local directory. This issue could be alleviated by increasing data
transfer speed between the spatial database and client users. In this case, connecting to
the database via high-performance LAN cables and faster hard disk file reading/writing
such as using SSD hard drive could help eradicate or minimise the latency when

executing the queries or saving the editing features.

5.2 Participant perceptions on PostGIS database

Perception on information/data retrieval and integrated solution

Information retrieval is an essential component of any database. With PostGIS’
geospatial capability, users could retrieve both the information from the relational
database and geospatial data by incorporating spatial functions alongside traditional

SQL statements using WHERE clause. Additionally, when connected to the database such
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as on QGIS, users could query and visualise information manually via user interface. Due
to the highly structured data tables, relationship, indexing, and PostGIS’ features, the
spatial database is capable of retrieving data and information in a highly efficient
manner as shown in both test scenarios, which were supported by the responses from
the participants’ interview data. Overall, participants were satisfied with the level of
efficiency delivered by the spatial database. It could retrieve relational data tables while
adding spatial operations, geo-processing, statistics calculation, and data-join with
auxiliary data. Nevertheless, the main trade-off is the amount of time spent to
standardise and structure tables and database components in order to allow speedy
information retrieval; for instance, assigning as primary key, unique field to facilitate
data-join. Additionally, the participants expressed that the integration between PostGIS
database and QGIS as spatial database is simple and practical to implement with existing
IT equipment found at typical government organisation in Laos. Especially in the context
of LULC data, storing files within the database brings many advantages as well as helping

to securely locate all datasets in one centralised location.

Perception on spatial functions and manipulation

The spatial database’s native spatial functions, in combination with QGIS’s and its third-
party plug-ins, have the power to effectively manipulate spatial datasets. Data
manipulation consists of various approaches, but the test was primarily implemented
based on data-join (matching ID and wild-card), geometric calculation/interpolation,
and spatial analysis tools (merge, clip, and other tools). The test results using both
PostGIS’ and QGIS’ spatial functions suggested that the spatial functionality performed
significantly faster in obtaining the results with minor delays encountered. Certain
functions with multiple input layers with combined SQL select statements and PostGIS’
functions took longer times to execute. While QGIS is only capable of handling one
simple geometry data type, PostGIS database is filling this gap by handling both
geographic and geometry objects (PostGIS.net). With PostGIS, users could automate
geoprocessing tasks more efficiently with SQL on any console that is able to connect to
the database; likewise, they will have to use python console on QGIS to exploit these
features. Nevertheless, limited reporting information was given after each execution on

PostGIS as it only shows if the operation was successfully executed or failed.
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Chapter 6 Conclusion and recommendations

6.1 Summary

This research examined the viability of the open-source relational database, particularly
the PostgreSQL database and its geographical extender PostGIS, in concurrent use with
QGIS to manage multi-level LULC data in Lao PDR. It aimed to examine if this integration
is a viable solution as the spatial database for the organisation with limited access to
financial resources. The test assessment was carried out based on the test scenario
designed for a real practical environment in order to reflect the viability, potentials, and
constraints of the spatial database. Additionally, semi-structured interviews were
employed to gain in-depth insight into the perspectives of the participants involved in
the test evaluations. The analysis revealed the feedback and perspectives towards the
introduced spatial database. Overall, this study suggests that integration between
PostGIS and QGIS functioning as a spatial database for managing LULC data is positive
and has several potentials upon users’ configuration and adaptability as suggested

below.

e The participants expressed the integration between PostGIS database and QGIS as
spatial database is intuitive and feasible to implement with existing IT equipment
found at a typical government organisation in Laos. The spatial database itself
demonstrated ease of use in the context of managing LULC data. It also centralised
all the datasets in one location.

e The introduced spatial database is proven to be viable for spatial querying with an
increase in performance over the exiting workflow. The findings from both test
scenarios suggested that the overall efficiency and performance have increased to
over 70 percent compared with exiting workflow. The spatial database has been
very efficient with the input LULC datasets throughout the tests. This is in
conjunction with the participants’ responses.

e The spatial database offers several capabilities that were previously unavailable.
Processing multiple and complex geospatial datasets are feasible thanks to the
ability to combine SQL and PostGIS’ spatial functions in a single SQL select
statement. For instance, SQL queries can be used to filter results, which are then

used to perform analysis using PostGIS’ spatial functions such as buffer and
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calculate distance. Spatial querying between GIS data and non-spatial data such as
census data and auxiliary information tables could be achieved using SQL console
or any compatible language when connected to the database.

e (Qualitative data suggested that three out of four participants felt confident that
spatial database has great potentials for delivering sufficient spatial capabilities,
particularly managing LULC data directly from the spatial database, as well as the
ability to manipulate data effectively.

e PostGIS’ primary limitation is that it accommodates limited data types, and in
structured order only. Storing some other types such as land-class symbology file is
not possible. Another limitation of PostGIS is that data must be stored in tabular
structures with or without geometry. Slight latency was encountered when making
changes to the table. PostGIS database has a limited user interface besides database
console used for SQL query execution. Thus, it is quite difficult for beginner users

who struggle to put together a functional SQL select statements.

6.2 Recommendations for developing a functional spatial database for a
resources-constraint environment

PostGIS database

Despite being a freely accessible and open-source software, installing and utilising the
PostGIS database for the organisation requires preparation and readiness. The
approaches below highlight some of the necessary steps in setting up an integration

functioning as a spatial database for the organisation.

GIS Software and user competency

QGIS, which is open-source and available at no cost, has been amongst the best
alternatives to commercial GIS applications to date (Dartmouth College, 2020;
GISGeography, 2020). It is highly compatible with various open-source and commercial
RDBMS, including the PostGIS database. While ArcGIS only gives users the ability to
access and read the datasets and contents within the PostGIS database, QGIS gives users
full access to the database to which it is connected, including the writing access and data
manipulation. Therefore, QGIS is the perfect choice of GIS software to integrate with

spatial database, particularly the PostGIS database as an experiment in this study.
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In the meantime, user competency is a crucial aspect in the successful installation

of the spatial database. From this study, lessons revealed that users’ fundamental
knowledge and understanding of GIS, relational database, and structural data
management are essential to fully set it up with minimal time wastage. A
recommendation is to provide training on the fundamentals of setting up and using the
spatial database, which may include writing basic SQL, data organisation, building

relationship, spatial functions, and GIS.

Third-party plug-ins

While the PostGIS database and QGIS have a vast number of spatial functionalities, there
are still additional plug-ins (adds-on) from third-party developers, and the numbers are
growing. Users may need to find out more about the add-ons and test their compatibility
with the spatial database since not all of them are fully functional with the database.
Installing third-party plug-ins for QGIS can be made via plug-in toolbar, while add-ons
for PostgreSQL are available on their respective websites, and users need to follow the

installation guidelines.

Data organisation

Organising data tables, schemas, and their nomenclature is a crucial component of any
relational database; they should follow logical order to make it easily accessible and
understandable by team members. It also makes it easy for users to make changes and
updates to the datasets. Before importing tables into the database, data tables must be
cleaned and generalised to standard format for later data-join and query. Schemas
should hold a unique name that represents the contents of the tables residing in each
respective schema. This would make it easy for users to locate the tables accordingly. In
addition, a table must contain an ID field or unique field ID as a primary key or as an

identifier.

During the test, it was noticed that some SQL select statements associated with
long and uppercased schemas failed to execute the query. Thus, it is recommended to
name tables and schemas in lowercase and in short form to avoid any potential failure
when executing. One common practice is to have information tables and metadata,
providing auxiliary information about each table, primary key, unique field, and other

relevant information.
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Computer and IT infrastructure

IT and computer infrastructure play a pivotal role in hosting a successful spatial database
enabling simultaneous access to geospatial datasets. An investment in sufficient
computer and IT infrastructure is required to meet the requirements of this integrated
technology. In practice, IT infrastructure requirements vary from the organisation
depending on its size, the number of users, specific needs, and budget. Thus, consulting
with IT and network experts is highly recommended. For instance, Basille (2015)
suggested minimum hardware requirements for running PostGIS server including CPU,
memory, hard disk, and other hardware components. Nevertheless, the following
recommendations are for a small to medium-sized organisation to run a functional

spatial database based on the lessons learned from this study.

e Personal computer (PC) with sufficient operating power running on Windows OS
can be used to host the spatial database and be accessed by multiple users in the
organisation provided that the PC is running during accessing time. As
demonstrated in this study, a lower-end desktop PC, running on Windows 8, was
able to host the spatial database. This suggested that PostGIS database consumes
fewer resources and power to run, making it suitable for small to medium-sized
organisations with limited access to expensive and large IT infrastructures.
Alternatively, a server computer may be considered if the organisation has
adequate resources to maintain, manage, and configure. Since a server computer is
designed to store and process data at increased efficiency, it would likely provide
much higher performance.

e The test was carried out with LAN cable CAT-5 and did not compare with the newer
versions of LAN cable such as CAT-6 and CAT-7. On paper, newer versions of
network LAN cable are promised to provide higher performance and speed due to
their higher transmission and bandwidth (Lucidchat.com, n.d; PlanetTechUSA,
2019). For instance, CAT-6 cable type could support maximum data transmission up
to 10 Gbps and bandwidth at 250 Mhz. Nevertheless, higher data transfer speed
and bandwidth using new CAT LAN cables have not been tested to determine if it
would improve the overall performance, geo-processing and data retrieval of the

spatial database.
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e During the evaluation, a test connection to the spatial database via WiFi was
conducted to determine if it can be used via WiFi on the same network. PostGIS
database was able to communicate via WiFi. However, due to the internet
fluctuation, a proper test was not carried out. Therefore, if the spatial database is to

be connected via WiFI, stable internet with good speed is recommended to secure a
good connection. PostGIS database must be assigned to a static internet protocol
addresses (IP address) in order to allow access to the same IP address every time
users access the database. By default, PostGIS database limits the number of
accessible IP addresses; therefore, the user must be authenticated to gain access to

the database.

6.3 Recommendation and future research direction

As this study involved only four participants and one test evaluation the findings cannot
be generalised to the entire small to medium-sized organisations in Lao PDR, especially
for those who are interested in adopting PostGIS and QGIS as their primary spatial
database system. Further research into this issue should include a larger sample size to
be more representative for broader users and organisations, including private sectors
which tend to have more financial flexibility to go into deeper research and experiment.
Future research could be comparative, considering findings from other organisations
who implement the spatial database with other means of relational database and
geographic extender. In addition, future studies may investigate the following
compatible functionalities, which may be useful for further enhancing the spatial

database and usability.

e Evaluate the functionality of PostGIS as the back-end spatial database supporting
the building of WebGlIS, utilising the open-source webmap servers such as
MapServer and GeoServer since it is more likely that LULC would have to be
published on the WebGIS as part of the scalability effort. It is good to know how the
PostGIS database works with these web-map servers particularly in relation to these
specific LULC datasets.

e Assess other compatible applications, either commercially or open source, but still
based on the PostGIS database in order to enhance the usability and diversify user
application. For instance, using third-party applications to enhance data

visualisation or mobile application for data collection.
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Assess integrate development environment (IDE) that is compatible with PostGIS
database in order to create a more customised and user-friendly interface so that
users can execute the frequently used query, and it is not limited to specific
datasets.
Evaluate other plug-in or add-on that could enable spatial database to store other

data types such as land-use symbology file type.
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Appendices

Appendix A: Ethics Approval letter from AUTEC
The Ethics was approved from AUTEC on 1%t May 2019 and is valid until 30™ April 2022.

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Auckland University of Technology Ethics Committee (AUTEC)

Auckland University of Technology

D-88, Private Bag 92006, Auckland 1142, NZ
T:+64 9 921 9999 ext. 8316

E: ethics@aut.ac.nz

www.aut.ac.nz/researchethics

1 May 2019

Brad Case
Faculty of Health and Environmental Sciences

Dear Brad

Re Ethics Application: 19/40 Using open-source database spatial database and GIS to manage multi-scale land
use/land cover data in Lao PDR

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 30 April 2022.
Standard Conditions of Approval

1. A progress report is due annually on the anniversary of the approval date, using form EA2, which is available
online through http://www.aut.ac.nz/research/researchethics.

2. Afinal report is due at the expiration of the approval period, or, upon completion of project, using form EA3,
which is available online through http://www.aut.ac.nz/research/researchethics.

3. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EA2 form: http://www.aut.ac.nz/research/researchethics.

4. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

5. Anyunforeseen events that might affect continued ethical acceptability of the project should also be reported
to the AUTEC Secretariat as a matter of priority.

Please quote the application number and title on all future correspondence related to this project.

AUTEC grants ethical approval only. If you require management approval for access for your research from another
institution or organisation, then you are responsible for obtaining it. If the research is undertaken outside New Zealand,
you need to meet all locality legal and ethical obligations and requirements. You are reminded that it is your
responsibility to ensure that the spelling and grammar of documents being provided to participants or external
organisations is of a high standard.

For any enquiries, please contact ethics@aut.ac.nz

Yours sincerely,

(Yoo

Kate O’Connor
Executive Manager
Auckland University of Technology Ethics Committee

Cc: kongkeo.s@gmail.com; Graham Hinchliffe
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Appendix B: Participant Information Sheet

Participant Information Sheet (English version)

Date Information Sheet Produced:

24 April 2019

Project Title

Using open-source database spatial database and GIS to manage multi-scale land

use/land cover data in Laos.

a) An Invitation

My name is Mr. Kongkeo Sivilay. | am currently undertaking the Master of Geospatial
Science at Auckland University of Technology (AUT) in Auckland, New Zealand under
the New Zealand Scholarship program.

| will be conducting this research between February 2019 and March 2020 to fulfil
my MSc of Geospatial qualification. My research aims at using the open-source
database spatial database and GIS to manage multi-scale land use/land cover data
in Laos. The study intends to investigate if (1) the integrated open-source solution
allows for spatial querying with a measurable performance increase over existing
workflows, and (2) does such solution offer capabilities which were previously
unavailable.

The spatial database will be used to manage selected land-use/land cover GIS data
from the Department of Forestry (DoF) and the Department of Agricultural Land
Development and Management (DaLaM). The data would be stored and tested in
the newly-established spatial database. This research study is expected to provide a
new alternative for the departments to effectively manage GIS data and relevant
non-spatial data. This is a good opportunity to capitalise on the use of freely available
and open-source software while not compromising on productivity.

This is largely a self-funded research. However, | will be receiving partial financial
support for home-located research from NZ Scholarship Scheme and AUT’s Health
and Environmental Science Faculty. The research is expected to take place between
08t and 315t July 20109.

Therefore, | would like to formally invite you to take part in this project to explore
the potential capabilities of the open-source spatial database. It is really the way
forward for the future and it is the ideal solution for developing countries like Laos
PDR. Your detailed obligations are stated in the research agreement.

If you agree to participate in the research after carefully reading this Information
Sheet, research agreement and other relevant information, please provide an email
response to me.

b) What is the purpose of this research?
The research intends to investigate the integration of the open-source spatial database

PostgreSQL, the spatial extension PostGIS and desktop GIS application QGIS for the
management and analysis of regional datasets by:
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1) Incorporating Laos regional datasets into an open-source spatial database
(PostgreSQL/PostGIS) as a solution for managing vector-based GIS data and non-
spatial data.

2) Measuring the capabilities of such a solution in a practical setting.

This research study fulfils the requirements for the completion of MSc of Geospatial at
Auckland University of Technology for the primary researcher. Participants’ involvement
such as opinion, thought and feedback will be mentioned in the related academic
documentation and/or future publication.

c) How was |l identified and why am | being invited to participate in this
research?
Your contact of details has been obtained during the previous work encounter with the

primary researcher particularly during the village-level participatory land use planning and
national forestry boundary re-delineation.

You are cordially invited to take part in the research via email. You have the rights to accept
or decline. It is really up to you. You have the potentials and skills that fit the selection
criteria of my research. | am sure that your participation will positively contribute to the
success of my research project.

d) How do | agree to participate in this research?
Your participation in this research is voluntary (it is your choice) whether or not you choose

to participate will neither advantage nor disadvantage you. You will be able to withdraw
from the study at any time. If you choose to withdraw from the study, then you will be
offered the choice between having any data that is identifiable as belonging to you removed
or allowing it to continue to be used. However, once the findings have been produced, the
removal of your data may not be possible.

e) What will happen in this research?
You will participate in the research with me for about 1 hour per week during lunchtime for

approximately 1 month in total duration. Firstly, we will be working on migrating the data
onto the integrated spatial database. Then, we will be running the performance test based
on the designed scenarios. Finally, | will be interviewing you for feedback, opinion, and
thoughts regarding the implementation of the solution.

f) What are the discomforts and risks?
The research is expected to have some minor discomfort in employment-related. Your time

spent with the research may affect your abilities to deliver the work productively.

g) How will these discomforts and risks be alleviated?
The employment-related discomfort will be minimised by conducting the research during

the lunchtime break between 12.30-1.30 pm (1 hour). This timing will not affect work hours
as the afternoon work likely starts at 1.30pm.

h) What are the benefits?
The participants could be potentially benefited from the practical experience and training

they will receive during the course of the research project. They will have hands-on spatial
database management as well as QGIS. Upon completion of the study, GIS data and non-
spatial data, which have been structurally organised on the spatial database, are expected
to allow faster processing time and increased productivity. This could greatly benefit his/her
organisation.
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There are a number of benefits for the primary researcher undertaking study in this
discipline. Relational database management system (RDBMS) is a powerful tool to handling
large and complex geospatial data which plays a key role in data management and helps
businesses make better decision. Thus, capitalizing on freely-available open-source software
RDBMS has several benefits for the researcher’s home country. Firstly, the country is still
regarded as financial constraint and has difficulties obtaining proprietary software licenses.
Secondly, there is substantial amount of spatial and non-spatial data in relation to
agriculture and forestry land-use and land cover; and therefore, it is a great opportunity for
the researcher to test out the RDBMS with these data. In addition, he could utilise the skills
and knowledge to apply to work setting; and learn to solve problem. And more importantly,
he will be able to fulfil the Master of Science qualification at AUT.

The study will certainly benefit the wider community, especially Laotian GIS and database
communities. They will have the information to replicate in other important domains such
as health, education, trade, etc. Findings and knowledge resulting from this study could be
passed on and shared amongst the community members.

i) Who will take the ownership after the research?
The researcher will give full access and ownership to the respective departments upon

completion of the research by allocating the spatial database onto the department’s central
computer. The system will be co-owned between the participant and the researcher upon
the study in Laos because the researcher still needs to complete the analysis and
performance-based tests on the system. The detailed ownership obligations are outlined in
the research agreement.

j)  What compensation is available for injury or negligence?
It is unlikely to have any potential injury or negligence resulting from participating in the

research. All the works will be implemented in the safe environment within the office.
Therefore, there will be no compensation.

k) How will my privacy be protected?
You have the options whether you wish to be identified or not in the research findings. Your

privacy will be protected regardless of your decision. You always have the choice to refuse
to answer any question you feel uncomfortable with. If the interview involves private
guestions, it will be conducted in a private room or in a discreet location as agreed between
the parties. In case of publication, if names, position, and organisation are required to be
referred to, they will be in the form of fiction or using generic terms.

I) What are the costs of participating in this research?
The cost of participating, approximately 1-hour during lunchtime per week during the one-

month research period, will be the time spent in the research which will be compensated by
the payment of the researcher. Nevertheless, you are encouraged to seek formal
authorisation from your organisation or immediate supervisor. This is to ensure you will be
granted permission to work with the researcher, and lost-time could be mitigated in
advance.

m) What opportunity do | have to consider this invitation?
You will have two weeks to consider this invitation. You have the rights to accept or decline

the invitation.
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n) Willl receive feedback on the results of this research?
You will receive feedback on the results of the research via a written report which will be

submitted to you after the completion of the research or beginning of 2020.

o) What do I do if | have concerns about this research?
You are more than welcomed to ask for information or raise any concern at any time with

the primary researcher via any forms of communication. In addition, the participants can be
in touch with the supervisor for a private discussion. All conversational information will be
treated highly confidential.

Any concerns regarding the nature of this project should be notified in the first instance to
the Project Supervisor, Dr. Bradley Case — Bradley.case@aut.ac.nz, phone number 09-
9219999 ext. 5231

Concerns regarding the conduct of the research should be notified to the Executive
Secretary of AUTEC, Kate O’Connor, ethics@aut.ac.nz, 921 9999 ext. 6038.

a) Whom do | contact for further information about this research?
Please keep this Information Sheet and a copy of the Consent Form for your future

reference. You are also able to contact the research team as follows:

e Dr. Bradley Case - Primary Supervisor Bradley.case@aut.ac.nz, phone: +64-9-9219999 ext.
5231

e Graham Hinchliffe - Secondary Supervisor Graham.hinchliffe@aut.ac.nz, phone: +64-9-
9219999 ext. 9627

e Kongkeo Sivilay - Primary Researcher Kongkeo.s@gmail.com, mobile phone: +856-20-
55552719 (Laos).

Researcher Contact Details:

e Kongkeo Sivilay - Primary Researcher Kongkeo.s@gmail.com, mobile phone: +856-20-
55552719 (Laos mb).

Project Supervisor Contact Details:

e Dr Bradley Case - Primary Supervisor Bradley.case@aut.ac.nz, phone: +64-9-9219999 ext.
5231

Approved by the Auckland University of Technology Ethics Committee on type the date final ethics approval was granted,

AUTEC Reference number type the reference number.


mailto:Bradley.case@aut.ac.nz
mailto:ethics@aut.ac.nz
mailto:Bradley.case@aut.ac.nz
mailto:Graham.hinchliffe@aut.ac.nz
mailto:Kongkeo.s@gmail.com
mailto:Kongkeo.s@gmail.com
mailto:Bradley.case@aut.ac.nz
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Example of email wording to participant

Sabaidee Participant

My name is Mr. Kongkeo Sivilay. | am currently undertaking the Master of Geospatial
Science at Auckland University of Technology (AUT). | wish to invite you to
participate in my research which will be taking place between July and September
2019. Please find the information on the Information Sheet attached herewith.

If you need further information or would like to be in touch with me, please let me
know.

Please respond to this email to let me know if you agree to participate in this
research. It is totally fine to decline this invitation. It is really up to you. Please let me

Best regards,
Kongkeo Sivilay

MSc of Geospatial Student - AUT
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Participant Information Sheet (Lao version)
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Appendix C: Participant Interview Questions (English and Laotian)

Interview Questions for Participant Feedback

o (] LA X 1 X »
111 UKW INIC2ISOLUN IO VOO

Title: Using open-source database and GIS to manage multi-scale landuse/land cover in
o 3 ° P o~ 4 o & o < @ o &
Laos #iog: nuiatgacfunuayugguui wae 61990 GIS sutuulstiugeng t21Tunau

J3muInNIV2YUNIuda tSHAL/NIUTINY UG U INYIeR0UTY SUUID.

Date/time SUIORM.......eeeveeeeeeeeeeeeeeeenns Location SN ..veeeeeeeeeeeeeeeeeeeeeene.

l. Introductory questions/eT1UWANYIKLDY

1. How long have you worked with spatial data, land-use/land cover, social-economic
data or database?

vuSnognnigoNunuINnUdImauzyy GIS, 2yuniuorgcwudiigncu/nudngusiady,
(RONENNIIAL 03 efunuayy Audiulneo?

-------------------------------------------------------------------------------------------------------------------------------

2. How often do you work with the data mentioned above? zdmc%najnﬁuéy.guhbjmo

fuwin?
O Everyday y)n99y O 2-3times per week 2-3 533/8707[7
O  Oncein a month 507?7/“?91/ O Others/é’ﬁ/_‘j .....................

3. What kind of GIS-related task do you perform most of the time? ti1u1j195t6933 GIS

négcdugoume Ruduni2yuiynao?

O Cartographic mapping NS O Geoprocessing (calculating, geometry
e transformation, join...) N1 086199.001799(6101 L
O Calculating statistics NUetD , NUESLCNTNIERT))
il O OtNEIS/SUT.ccueeeveeeeereisieisieeseeseieesesieesisseianns

O Querying for data/information
NWENICUIFIUNIUCISSIE L/

Il. Questions to obtaln perceptlons on spatlal database/GIS for managmg multl level
dataset ﬂ'|mUcz.J9sUs.U.U.USJEUSjmJeeerca'lsounjonU awumnaunguum (¥~
GIS cl.Jsuam'm'anm'.u2.1_J1J!.J1Jmmmnq1'|uasnu.

4. Have you ever managed GIS data and non-spatial data in some form of database
such as Esri’'s Geodatabase, Microsoft Access...? If yes, please explain your
experience and scope of use.
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e tInnIu2yy GIS 1z 25uUn0vR1) TusutuunIU2yuaEy Atennaus, tula
29UISNUEN. TwiiEly, NEguUAIeSunivaIuul ax 2suennIullsg.

5. If the answer to the above question is yes, how do you find the approach when
compared to traditional practice or existing workflow? For example, productivity and
usability.

IanguSIg i luEie 18U taestiauu, zn'°1aJﬁoccuo?nﬁﬁuazﬁunﬂué”qnﬁjmo
(0213 LnSUBUNMUEBTNEUUE G U (BUUEEnfiny ar 001UKLNONITUE.

..............................................................................................................................

..............................................................................................................................

6. Have you ever experienced any open-source GIS software and spatial database such
as QGIS, PostgreSQL/PostGIS? If yes, please describe your experience.

vuiutdninaey Wueny GIS o avfungyudiiui fiduazduledugenat? Suly
unu QGIS, PostgreSQL PostGIS, twimidie, nvguacdivydunautiauua i,

Ill. Questions to obtain feedback, thoughts, and opinions about the introduced
solution after completing the installation of the spatial database. eﬁ’mwcﬁsﬁus’

o _ o e ° ° ' as - 4 a & dd, s & s :
0121UONOUANY (R 1TV NJINUKLSUUTIUEUU (GIWUN U]‘EOZHOQS:]JJ W) By
(000 ke Ninaey 8.

7. What do you think about the two scenarios?

visnducuoInnNudEEniinI 29I983SUUUNIURIRSI?

Scenariol/sutuuniu1ggn 1:

Scenario2/sutuuniui1aggn 2:

Positive/Sa:

8. How much do you understand all the code?
21 azinlnnmelsews 0
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Clvery little vgenso Osome uag31u0u CJalmost all (figuc&a7=00

10.

11.

12.

13.

14.

During the testing, do you think are there any variable that could affect the overall
effectiveness or productivity of the spatial database?
WEND1TUALNS1INIVNNRSI, i BRocundifienndyBunshiunivuydniiuwiy
‘EnEJaauasgazﬁumnéqncé’jﬁuﬁﬁ?

..............................................................................................................................

In your opinion, what do you think about the effectiveness of this spatial database
solution and in comparison with the existing workflow?

vudeousncdiucuo InRudzRniiuwiu/dednditduesjaciunuayudgun  fd

v LAY

X & P ) o~ 14 S o P )

8UEI01NR9IU TneFunguNUILTUN W2 Huiiua18e Tudeadu?

Do you think the integrated open-source solution could improve the efficiency and
productivity of land-use/land cover data management, and is the right solution for
Laos PDR?

nuan3RzdunIuayy GIS (uudrS UUs1ulawR1U10808tE UUyEniinIU € 601U
grnongzuis TuNUdImauInnav2 yunavd1 iSncu/naudngiuoiaty «e udiinau

N1UNN8UTANND1UCSINIWTURID?

..............................................................................................................................

------------------------------------------------------------------------------------------------------------------------------

Describe your involvement in installing the spatial database in your department?
nusSncuolnnso niudgousouzeuinutuniuiniiiaviuniuayucglaun Tusy
2891U299U11U?

------------------------------------------------------------------------------------------------------------------------------

Tell me about your overall experience working in the research?
TN wiwsdnauolnnsofiuniuinfguetdnnauaiugor Ty taesdul?

Would you like to receive the research findings and results upon final completion of
the research?

o

u?

------------------------------------------------------------------------------------------------------------------------------

Thank you for taking part in the research!
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a a &

229U U198 JNSOUNIVA LD

Researcher Contact Details:

e Kongkeo Sivilay - Primary Researcher Kongkeo.s@gmail.com, mobile phone: +64-22-

4959213, +8562055552719.

i negurio S3ta - Indiueion Kongkeo.s@gmail.com, WNQLEU: +85620-55552719 (¢

A1)

Supervisor Contact Details:
2UURNN21RIUNTNRIA:

e Dr Bradley Case - Primary Supervisor Bradley.case@aut.ac.nz, phone: +64-9-9219999
ext. 5231
¥ 0S U0 00 - 91RWNDNIAUA Bradley.case@aut.ac.nz, Wnazdu 09-9219999

& 5231

Approved by the Auckland University of Technology Ethics Committee on 01-May-2019, AUTEC Reference number Case1940-
01052019.
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Appendix D: Participant Research Agreement (English and Laotian)

RESEARCH AGREEMENT
between
Mr. Kongkeo Sivilay
and

Provincial Forestry Division and Agricultural

Development and Management,

Provincial Agriculture and Forestry of Luang Prabang

Province (PAFO)

WHEREAS Mr. Kongkeo Sivilay, an academic student of Geospatial Science of School of
Science, Health and Environmental Science Faculty, Auckland University of Technology

(AUT), Auckland, New Zealand; hereafter referred to as “the researcher”.

WHEREAS Miss/Mr TBD, technical staff of Provincial Forestry Division (PoF) and
Provincial Agricultural Land Management and Development (PalLaM), Provincial
Agriculture and Forestry Office (PAFO), Luang Prabang, Laos PDR; is the research

assistant and hereafter referred to as “the participant”.

WHEREAS the researcher and the participant have expressed their desire to participate
in a research project entitled using open-source spatial database and GIS to manage
multi-scale land use/land cover data in Laos, hereafter referred to as “research

project”.
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This research agreement is based on the mutual understanding between the researcher
and the participant, which ultimately forms a formal agreement and hereafter referred

to as “the agreement”.

Therefore, this agreement witnesses that in consideration of the mutual understanding
and agreements and subject to terms and condition as set out in this agreement, the

parties agree to undertake the research project as follows;
I. BACKGROUND

The researcher is currently undertaking a Master of Science in Geospatial between 2018-
2020 at School of Science, Health and Environmental Science Faculty, Auckland
University of Technology (AUT) under NZ Scholarship Program. The researcher aims at

completing the research thesis as a pathway to complete the MSc degree here at AUT.

The researcher has the interest in the subject of spatial database management and
open-sources software to manage multi-level and complex GIS data in relation to land-
use and land cover in Laos PDR where currently there is limited and non-existence of

effective spatial database at governmental institutions.

Provincial Forestry Division (PoF) and Provincial Agricultural Land Management and
Development Division (PaLaM), Provincial Agriculture and Forestry Office (PAFO) are the
main governmental institutions who are in charge of managing GIS and non-spatial data
in relation to forestry and agricultural, resources and land, agro-biodiversity, agro-

forestry, non-timber forest product (NTFP), agricultural census data, inventory, etc.

Thus, these two divisions are suitable for this research. They also have capable and

skilful workforce and therefore were selected for this study.
GENERAL PROVISION

This agreement has been created in Laotian and English. If there is any discrepancy
between the two version. The Laotian version shall prevail. Each party shall keep a copy

of this agreement.
Il. DEFINITION

Whenever the words, expressions and term appear in this agreement, they shall be
interpreted according to the definition hereafter in the following unless implicitly or

explicitly expressed otherwise in the text;
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1) “Research title” is the summary of the main ideas of the study which the researcher
will be working on.

2) “Research team in Laos” includes the researcher and research participants of the
target office in Laos.

3) “Research project” means the research activities taking place in the target office in
Laos in the given timeframe as outlined in the Term and Scope.

4) “Background intellectual property” means prior intellectual property of individual
or his/her organisation, developed, produced or obtained by a party before this
research project.

5) “Arising intellectual property” mean all intellectual property individual or
collectively made and developed during the term of this agreement and directly as
the result of this research.

6) “Party” means either the researcher or the participant; “Parties” means both the
researcher and the participant.

7) “Joint owner” means the state of ownership of any given intellectual property,
data, or physical equipment by both parties as outlined in this agreement.

8) “Introduced solution” means the introduced approach involving the use of open-
source spatial database PostgreSQL, spatial extension PostGIS and desktop GIS

application QGIS in order to handle and manage GIS and non-spatial data.
RESEARCH PROJECT

Research summary: this research project itself will be undertaking between February
2019 and March 2020 to fulfil the researcher’s requirements for Master of Geospatial
Science of AUT. Nevertheless, the research activity involving the participant, which
will be taking place in Vientiane, Laos PDR, will only last for 1 month between 12t
Nov — 125t Dec 2019 as set forth in section 5 of this agreement. The research is aiming
to investigate the integration of the open-source spatial database to manage multi-
scale land-use and land cover data in Laos; and measure the capabilities of the
introduced solution based on the designed scenarios.

The research project will trial the introduced solution at the participating department
for a month by migrating the data onto the database and then perform productivity
and efficiency measurement. Additional interview-based information will be used to

guantify the satisfaction of the introduced solution.
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Research team in Laos: including (1) the researcher, (2) a forestry division technical

staff and (3) a PaLaM technical staff from Provincial Agriculture and Forestry (PAFO).
IV. TERM AND SCOPE

This agreement is in effective only between 12t November 2019 and 12" December

2019 unless extended by written agreement from the Parties or terminated according

to section 15 of this Agreement. The scope of this agreement applies to this timeframe

only and shall cease the effectiveness from the end date.

V. DURATION AND LOCATION

The duration of this agreement is between 12 November 2019 and 12t December

2019, and the research will take place at The Agro-Biodiversity Initiative (TABI Luang

Prabang), PAFO.

VI. CONTRIBUTION

1)

The total monetary payment of the researcher for the participant is 500,000 Laotian

Kip as an appreciation for efforts and time spent with the research project. The

researcher is happy to provide this monetary amount to participant towards the end

of this agreement.

2) The payment shall be made in cash to the participant. Each party shall keep a copy

signed receipt for future reference.

VIl. EQUIPMENT

1)

2)

3)

of

Hardware: the primary hardware used for this research project is the researcher’s

laptop computer. However, the participants could use their private or work computer

if they access it. Depending on the participant’s department’s IT infrastructure, they

may have access to network attached storage (NAS) with high-speed internet access

equipment.

Software: the research project aims at utilising all the open-source software. Thus,

they can be sourced from the world-wide-web free of charge. The software shall be

installed on the machine prior to the commencement of the research project.

Internet connectivity: If in case the internet connection at the department is unstable

for the team to work and/or not available. Alternatively, the researcher shall provide

a 4G mobile internet connection at the researcher’s cost for data.
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VIIl. OBLIGATIONS

1)

2)

3)

1)

2)

3)

4)

X.

Obligation of the researcher: the researcher must be accountable for all the
obligations listed in this agreement. In addition, the researcher shall take the overall
lead of the research project. The research must ensure the research activities are
being carried out according to the timeframe.

The researcher shall proceed the contribution payment to the participant(s) upon the
completion of the research project in Laos as set forth in section 7 of this agreement.
Obligation of the participant: the participant, under this agreement, agrees to fully
parti-cipate in the research project. The participant has the responsibility to help
facilitate the research activity such as prepare facility, documentation, making

appointment, etc.
CONFIDENTIALITY

The researcher agrees that he may receive proprietary and confidential data and
information (confidential information) from the participant and his/her department
in regards for this research project. The researcher agrees, therefore, that such
information and data received from the participant, treated as confidential will not
be disclosed to any third party or used for its own purposed without the written
consent from the participant.

Participants’ signed written consent forms shall be kept with the researcher’s
secondary supervisor office at the School of Science of AUT for the period of six years.
After six year, those forms shall be shredded.

The researcher agrees, if requested in writing by the participant to return promptly
all or partial confidential information at the completion of the research from any
means of storage. In case data are stored on a physical hard drive, they must be
irretrievably deleted after the data has been transferred to the participant. The
obligations for confidentiality shall last for a period of six years beyond the expiration
or earlier termination of this agreement.

If a party is welling to publish the research findings in the academic journal,
confidential information which are sensitive to the other party shall not be published

without given consent from the other party.

PRIVACY PROTECTION



88

1) As point out in the research Information Sheet, the participant has the choices to
whether he/she will be identifiable in the research findings. And he/she shall have
the rights to decline any uncomfortable questions which may arise during the
interview. All private questions shall be conducted in a private room.

2) In case of earlier withdrawal from the research by the participant, he/she shall have
the rights to have any identifiable information erased from the research unless the
findings have already been made.

3) The researcher has the liability to protect any identifiable information of the

participant including his/her organisation regardless of any circumstances.
Xl. RESULTS OF THE RESEARCH

The researcher will keep will keep the participant informed of the research results and
findings obtained from the work in regard to the research project in the form of media
as agreed by both parties. Nevertheless, the participants are expected to treat the
provided results and findings as confidential information as set forth in section 10 above

unless otherwise agreed to in writing by the parties.

Xil. INTELLECTUAL PROPERTY AND OWNERSHIP

1) Any background intellectual property already belonging to either party or that is
developed, produced or obtained by a party before or outside of the scope of this
project, shall not be relevant to this agreement.

2) Party may use the background intellectual property of the other party solely for this
research project and shall not affect the background intellectual property and its
ownership.

3) Arising intellectual property, which is developed, produced or obtained entirely by
the staff or member of one party when implementing this research project, shall
remain the property of that party in accordance with applicable policies and
collective agreements.

4) Arising intellectual property, which is made jointly by employee, staff or any team
member of both parties, shall be jointly owned by the parties.

5) Upon completion of this research project in Laos, the researcher will provide full
access and ownership to the respective departments by allocating the spatial

database on the central computer or ideally on a network-attached storage (NAS)
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computer. However, the system is co-owned between the participant and the
researcher. He still has the system on his computer and still needs it to continue his

research activities.
Xill. PUBLICATION OF RESEARCH FINDINGS

1) The parties acknowledge the importance of publishing articles in the appropriate
academic journals, research websites or other platforms as well as students having
the rights to present their thesis without delays.

2) If the research project will be jointly published, authorship and contribution of the
research project will be determined according to the academic standards and
customs. Proper acknowledgement shall be made for the contribution of each
party.

3) In case the prosed research is not a joint publication, the party wishing to make the
publication inform the other party thirty (30) days with written notice and provide
the manuscript and abstract. This is to give the other party the time to check their

intellectual property which may be disclosed in the manuscript or abstract.
XIV. TERMINATION

Either party has the right to terminate this agreement which ultimately abort its
participation in the research project with or without given reasons by giving five (5)
days written notice to the other party. Nothing in this agreement shall rescind the
obligations that may have accrued or the privileges of that party up to the date

specified in the written notice of the termination.
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Contact information:

Research team:

e Dr Bradley Case - Primary Supervisor Bradley.case@aut.ac.nz, phone: +64-9-9219999 ext.
5231

e Graham Hinchliffe - Secondary Supervisor Graham.hinchliffe@aut.ac.nz, phone: +64-9-
9219999 ext. 9627

e Kongkeo Sivilay - Primary Researcher Kongkeo.s@gmail.com, mobile phone: +856-20-
55552719 (Laos mb).

11 Nikau Street, Eden Terrace, Auckland, NZ, 1021 (NZ address:) Sisavath Village,
Chanthabouly District, Vientiane, 01000 (Laos Address)

Research participant:

e Mr. Somwang Keodara — technical officer at PALAM division
e Mr. Sayasith — technical officer at Forestry division


mailto:Bradley.case@aut.ac.nz
mailto:Graham.hinchliffe@aut.ac.nz
mailto:Kongkeo.s@gmail.com
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In witness where the parties here to have duly executed this agreement as of the date

written below.

Accepted by and signed:

The Researcher - Mr. Kongkeo

Sivilay

(Signature, Name)

The participant — Mr. Somwang
Keodara —technical officer at PALAM
division

+85620-56658777

Or represented by duly authorised

representative

The participant — Mr. Sayasith —

technical officer at Forestry division
+85620-55175152

Or represented by duly authorised

representative

(D) =Y [ PRTTR
Witnessed by:
Name: Name:

(Signature and organisation)

(Signature and organisation)
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Appendix E: Test scenarios

Testing scenario Scenario-based performance testing

DALAM, MAF, Vientiane, LA I. Standard GIS operations
1. GUI geometry editing directly from the database

via QGIS 3.6
«+ Scenario 1: measuring the 2. Perform standard spatial operation such as merge,
improvements over the union, clip, dissolve.

current practice.

Il. Testing spatial query and analysis for specific
tasks:

1. Calculate the statistics of village land-use
management plans/land cover data, 3 forest
categories (3FC) and export into tabular format.

2. Perform spatial analysis such as spatial correlation,
spatial clustering heatmap.

3. Perform spatial join between land-use/land cover
and land classes table

++ Scenario 2: testing new lll. Testing spatial queries between multiple spatial
functionality. dataset.
3.1 List all the village locations in relation to the

3.2

3.3

management zones of the 3FC (national
conservation, protection and production
forest).

Calculate statistics of villages which has
completed land-use management plan in
comparison with the 3FC.

Locate and summarise the upland agriculture
area for village clusters which have relative
risks to deforestation, comparing with the
digitized upland cultivation area to monitor
their conformance to the land-use
management plans.

IV. Testing queries between spatial and non-spatial
data.

41

4.2

Find the villages with highest quantity of
agroforestry products harvesting for a
particular region (district, province), sort them
by income and quantity; and display their
location on the map.

Find the villages of a particular region based on
socio-economic, agroforestry and demographic
statistics. For example, population living in
poverty, high number of unemployed
individuals, high population density, etc. and
display their location on the map.
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Scenario 1:

Performance measurement

Getting things ready.

e Import relevant libraries

e Use psycopg?2 for database connection —
connect to postgres database

e List all existing databases.

e Create if a database named
“spatial_database ” using if not exists
function;

e Create schemas to store all relevant
shapefiles.

e Use DB Manager on QGIS (GUI) to import
tables into respective schemas.

Standard GIS operations

e Editing/create features with datasets
connected to remote database

e Perform standard spatial operations
(merge, clip, dissolve)

Testing standard spatial
guery and analysis

List all the village locations in
relation to the management
zones of the 3FC (national
conservation, protection and
production forest).

e Perform spatial join to obtain the number
of villages within a particular forest area.

e Select NPA name, zone name and village
name From NPA table and village location;

e Join NPA using ST_Contains (geometry)

Calculate statistics of villages
which has completed land-use
management plan in comparison
with the 3FC.

e Select CLUFC and FLUMZ overview, village
name, From LULC and sort the following
land typology;

(1) Fixed agriculture
(2) Upland agriculture
(3) Forestry land
(4) Other land
++» Do the same for land-use zoning features.

e Select CLUFC and FLUMZ, FROM LULC JOIN
FLUMZ-join-table;

Scenario 2:

+ Performance measurement

Locate and summarise the
upland agriculture area for
village clusters which have
relative risks to deforestation,
comparing with the digitized
upland cultivation area to

e Select CLUFC and FLUMZ overview, village
name, From LULC and sort the following
land typology;

(5) Fixed agriculture
(6) Upland agriculture
(7) Forestry land

102

Appendix F: PSEUDO Code to guide writing SQL codes that could address the scenario-
based evaluations.



monitor their conformance to
the land-use management plans

(8) Other land

+»* Do the same for land-use zoning features.

e Select CLUFC and FLUMZ, npa_name,

FROM LULC
JOIN NPA WHERE ST_DISTANCE

upland agriculture area for
village clusters which have
relative risks to deforestation,
comparing with the digitized
upland cultivation area to
monitor their conformance to
the land-use management plans

6 | Find the villages with highest Select village name, NTFP FROM village
guantity of agroforestry location INNER JOIN SE.NTFP on vil_code
products harvesting for a WHERE sorting quantity GROUP BY village
particular region (district, name ORDER BY NTFP quantify.
province), sort them by income
and quantity; and display their
location on the map.

7 | Find the villages or region based Select village name, NTFP FROM village
on socio-economic/demographic location INNER JOIN SE.NTFP on vil_code
census data. E.g poverty, WHERE sorting quantity GROUP BY village
unemployment rate, etc. name ORDER BY NTFP quantify.

8 | Locate and summarise the Select village name, CLUFC/FLUMZ FROM

LULC JOIN NPA village location.
WHERE ST_CONTAINS AND ST_DISTANCE.

SQL Codes developed for the performance evaluations.
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# Create Indexing using GIST (Generalised Search Tree) scheme for all geometric features that

were part of the scenario-based testing

CREATE INDEX spatial_indexing

ON forestry.national_conservation

USING GIST (geom);

Using this function to perform the rest of features.

# Scenario 1

- List the village locations in relation to the 3FC

Get total number of villages in relation to any given three forest category (3FC)

SELECT COUNT(a.geom)
FROM admin.vil_location AS a

JOIN forestry.national_conservation AS b

ON ST_Within(ST_Transform(a.geom, 32648), ST_Transform(b.geom, 32648));

Or —to list the village names
SELECT a.vname, a.village
FROM admin.vil_location AS a

JOIN forestry.national_conservation AS b

ON ST_Within(ST_Transform(a.geom, 32648), ST_Transform(b.geom, 32648));
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List village or get total number of villages within a specific national protected area (E.g
Namha NPA) and export into a new table

SELECT a.vname, a.village, a.geom, b.lao_name, b.eng_name INTO
forestry.village_namha_npa

FROM admin.vil_location AS a

JOIN forestry.national_conservation AS b

ON ST_Within(ST_Transform(a.geom, 32648), ST_Transform(b.geom, 32648))
WHERE b.eng_name = 'Namha’;

List village or get total number of villages within a specified NPA and respective
management zone.

SELECT a.vname, a.village, a.geom, b.eng_name, c.zone, c.name_lao

FROM admin.vil_location AS a

JOIN forestry.national_conservation AS b

INNER JOIN forestry.npa_mgt_zone AS ¢ USING (npa_id)

ON ST_W.ithin(ST_Transform(a.geom, 32648), ST_Transform(c.geom, 32648))
WHERE c.npa_id ='npal2' AND c.zone = 'TPZ';

#Scenario 2

- Find the villages with highest quantity of agroforestry products harvesting for a particular
region (district, province), sort them by income and quantity; and display on the map.

List village according to highest quantity of NTFP and income,

SELECT v.vname, v.village, v.geom, n.ntfp_laoname, n.sci_name, n.unit,

n.qty_total, n.price_all

FROM admin.vil_location AS v

INNER JOIN se.se_ntfp AS n ON n.vil_code = v.vil_code

WHERE n.qty_total IS NOT NULL AND n.price_all IS NOT NULL

GROUP BY v.vname, v.village, v.geom, n.ntfp_laoname, n.sci_name, n.unit, n.qty_total,
n.price_all

ORDER BY n.qgty_total DESC, n.price_all DESC, v.vname;

List village according to status and its percentage of aquatic species, except the records
that contain null values

SELECT v.vname, v.village, v.geom, a.species_laoname, a.species_engname,
a.status_la, a.status_percent, a.reason_la

FROM admin.vil_location AS v

INNER JOIN se.se_aquatic AS a ON a.vil_code = v.vil_code

WHERE a.status_la IS NOT NULL AND a.status_percent IS NOT NULL

GROUP BY v.vname, v.village, v.geom, a.species_laoname, a.species_engname,
a.status_la, a.status_percent, a.reason_la

ORDER BY a.status_percent DESC, v.vname;

List village according to highest quantity of income

SELECT v.vname, v.geom, SUM(income.sell_rice) AS total_rice_sale,
SUM(income.sell_fish) AS total_fish_sale, SUM(income.other_produce) AS
total_other_produce_sale, SUM(income.sell_ntfp) AS total_ntfp_sale,
SUM(income.sell_charcoal) AS total_charcoal_sale, SUM(income.sell_wood) AS
total_wood_sale, SUM(income.handicratf) AS total_handicraft_income,
SUM(income.business) AS total_business_income, SUM(income.labour) AS
total_labour_income, SUM(income.salary) AS total_salary_income, SUM
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(income.others) AS total_other_income, SUM(income.from_overseas) AS
total_overseas_income

FROM admin.vil_location AS v

INNER JOIN se.se_income AS income ON income.vil_code = v.vil_code
GROUP BY v.vname, v.geom

ORDER BY v.vhame ASC;

e List village according to highest quantity of population (major ethnicity, population,
workforce, rice requirement and livestock)

SELECT v.vname, p.vil_code, SUM (p.tot_mem) AS totalpop, SUM (p.lab_main) AS
totalmainlabor, SUM (p.lab_2nd) AS totalseclabor, mode () WITHIN GROUP (ORDER BY
p.ethnic_hus_lao) AS mainethnicity, mode () WITHIN GROUP (ORDER BY
p.occu_main_lao) AS mainoccupation, mode () WITHIN GROUP (ORDER BY
p.occu_2nd_lao) AS secondaryoccupation, mode () WITHIN GROUP (ORDER BY
p.rice_def _kg) AS ricerequirement_kg

FROM admin.vil_location AS v

RIGHT JOIN se.se_population AS p USING (vil_code)

GROUP BY v.vname, p.vil_code

ORDER BY v.vname;

e List village according to highest quantity of wildlife — return significant species and their
status which are currently being consumed in the village, more than 55 household in
the village.

SELECT v.vname AS VillageName, v.geom, w.species_laoname AS species_in_lao,
w.forest_type AS as_found_inforest, w.no_hh_using AS totalHH_using, w.status_lao AS
current_status

FROM admin.vil_location AS v

JOIN se.se_wildlife AS w USING (vil_code)

WHERE w.no_hh_using >=50

GROUP BY v.vname, v.geom, w.species_laoname,w.forest_type, w.no_hh_using,
w.status_lao

ORDER BY v.vname;

e List village according to highest quantity of wood

SELECT v.vname AS VillageName, w.species_laoname AS species_in_lao, w.sci_name AS
species_scientific_name, w.no_hh_use AS total_hh_using, w.unit AS unit, w.qty_all AS
total_quantity, w.price_all AS total_wood_income, w.as_found_inforest AS
as_found_inforest

FROM admin.vil_location AS v

JOIN se.se_wood AS w USING (vil_code)

WHERE w.no_hh_use >=50

GROUP BY v.vname, species_in_lao, species_scientific_name, w.no_hh_use, unit,
total_quantity, total_wood_income, as_found_inforest

ORDER BY v.vname;

# Calculate statistics of villages which has completed land-use management plan in comparison
with the 3FC. Summarise village land-use statistics of four major land typology based on
respective province/district

e Summarise FLUMZ and CLUFC data and sort by district (do the same for CLUFC)

SELECT flum.overview_c AS Land_typology,
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flum.d_name_lao AS District_Name, SUM(ROUND(flum.area_ha)) AS AreaFLUM_Ha,
COUNT(flum.subcatz_id) AS No_of PlotFLUM

FROM lulc.lp_flumz AS flum

GROUP BY District_Name, Land_typology

ORDER BY District_Name;

e Summarise FLUMZ and CLUFC data and sort by province (do the same for CLUFC)

SELECT flum.overview_c AS Land_typology,

flum.p_name_lao AS Province_Name, SUM(ROUND(flum.area_ha)) AS AreaFLUM_Ha,
COUNT(flum.subcatz_id) AS No_of_PlotFLUM

FROM lulc.lp_flumz AS flum

GROUP BY Province_Name, Land_typology

ORDER BY Province_Name;

e Determine if the village land-use and cover lie within the boundary of the three forest
categories (3FC)

SELECT a.lao_name AS npalaoname, a.eng_name AS npaEngname, b.v_name_lao,
COUNT(b.v_name_eng), SUM(b.area_ha), b.geom as geomB

FROM forestry.national_conservation AS a, lulc.ap_clufc AS b

WHERE ST_Intersects(a.geom, b.geom)

GROUP BY npalLaoname, npaEngname, b.v_name_lao, geomB;

e Determine if any particular village land-use and cover lies within the controlled used
zone (CUZ) or total protected zone (TPZ) boundary of any national protected area (NPA),
and return those land-use and, total land area, NPA name if the statement is true

SELECT a.v_name_lao, COUNT(a.v_name_eng), SUM(a.area_ha), a.geom, f.lao_name
AS npalaoname, f.eng_name AS npaEngname, f.geom, f.zone
FROM lulc.In_clufc AS a, (
SELECT a.lao_name, a.eng_name, b.zone, b.name_lao, b.geom
FROM forestry.national_conservation AS a
JOIN forestry.npa_mgt_zone AS b USING (npa_id)
WHERE a.npa_id ='npal2' AND b.zone = 'TPZ' OR b.zone = 'CUZ') AS f
WHERE ST_Intersects(a.geom, f.geom)
GROUP BY npalaoname, npaEngname, a.v_name_lao, a.geom, f.zone, f.geom;

From above query — summarise the total land areas in the four land typology

SELECT a.overview_c, SUM(a.area_ha), f.lao_name AS npalLaoname, f.zone
FROM lulc.In_clufc AS a, (
SELECT a.lao_name, a.eng_name, b.zone, b.name_lao, b.geom
FROM forestry.national_conservation AS a
JOIN forestry.npa_mgt_zone AS b USING (npa_id)
WHERE a.npa_id = 'npal2' AND b.zone = 'TPZ') AS f
WHERE ST_Intersects(a.geom, f.geom)
GROUP BY a.overview_c, f.zone, npalLaoname;



