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Abstract: This paper presents a Web GIS application development framework through an
open-source software which aims to provide reliable open data services, required for
policymaking in urban land use planning. The geodatabase model is comprehensively
developed. It displayed a user interface using QGIS, MapServer, and Pmapper, with open
source tools with PHP MapScript programming languages and integrated DB-SQL, to
generate a complete digital map service with information on urban land use policy. The
results of this Web GIS development can be publicly used with spatial databases suitable
for public consumption, and as decision support systems for stakeholders, especially in the
policy of urban land use planning. Thus, this application can serve as a model for land-use
monitoring systems based upon the principle of information disclosure toward smart city
and smart governance.
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Introduction

The current debates on what makes a smart city point to a wide array of factors. These include
smart city factors like economy, mobility, environment, and governance, but one overriding
factor is the extent to which information technology is integrated into primary urban functions
(Gil-Garcia et al. 2016, Fietkiewicz et al. 2017, Lv et al. 2017). Claims about smart cities have
been perceived as a market strategy to promote the influence of neoliberalism and distract from
real problems in urban areas (Grossi and Pianezzi 2017). With considerable developments, the
concept of smart cities has also affected developing countries such as Indonesia, which is now
trying to realize that concept. Indeed, the realization of smart cities requires adequate
preparation that will not only result in a utopian claim that a city is smart but will also benefit the
people’s quality of life (Kummitha and Crutzen 2017).

In recent studies, ten so-called smart cities, namely Tampere, Geneva, Seoul, New Songdo,
Vienna, London, Washington DC, New York City, Hongkong and Melbourne, have shown the
concept of open data for various development plans, as one of the principal aspects of being a
smart city (Anthopoulos 2017). For open data to support smart people and smart governance,
expensive information technology is required which must be adapted to the needs of the
society. Although the concept of smart cities is not very utopian, it can be applied to resolving
real problems in urban areas (Anthopoulos 2017, Grossi and Pianezzi 2017, Kim et al. 2017,
Kummitha and Crutzen 2017). Moreover, open data also helps to educate people and the
government, so it supports policymaking toward smart people and smart governance.

The principle of open data and information technology in realizing smart cities is crucial, and
Geo-ICT (Aina 2017, Kim et al. 2017) is one such example. Geo-ICT helps us to understand
urban issues and, in addition to its spatial potential, it is also highly informative (Buchori and
Tanjung 2014, Buchori et al. 2015a, Purwanto and Bayuardi 2016, Aina 2017, Elmanisa et al.
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2017). Although information technology is not the only aspect embodied in the concept of smart
cities (Kummitha and Crutzen 2017), it is crucial to support the existence of a smart city (Aina
2017, Kim et al. 2017, Niaros et al. 2017). One form of open data in Geo-ICT is web-based GIS
or Web GIS. The concept of Web GIS is the ability to provide an overview of spatial information
with spatial data that provides information to support decision making (Thiebes et al. 2013,
Buchori et al. 2015b, Sejati and Ramadhan 2015). For developing countries, Web GIS can be
produced by exploiting open-source softwares, so that the cost is cheaper, and the purpose of
open data especially in delivering public policy can be achieved (Nakayama et al. 2017).

In the broader context, smart cities support sustainable cities, where in general the concept of
smart cities is an improvisation of sustainable cities, with some strengthening in innovation and
technology (Buchori and Sugiri 2016, Ahvenniemi et al. 2017, Buchori et al. 2018, Sejati et al.
2018, 2019). Based on this statement, the strengthening of technology becomes very important
for the realization of smart and sustainable cities. The technology in this paper is a technology
that can realize the components of smart cities, one of which is smart governance.

Numerous studies on smart governance and ICT have focused on data acquisition for policy-
making (Feltynowski 2015, Eom et al. 2016, Gil-Garcia et al. 2016, Fietkiewicz et al. 2017, Lv
et al. 2017), the use of Web GIS for disaster information (Pessina and Meroni 2009,
Nasaruddin et al. 2011, Dong et al. 2013, Thiebes et al. 2013, Fago et al. 2014), and policy-
making in bridging the information gap between rural areas and civic education (Wirkus 2015,
Miller et al. 2016, Stankovi¢ et al. 2016). The research to date has not focused on monitoring
the implementation of infrastructure and urban land use policy, and so it has been unable to
explain how the system is built based on real behaviors and problems with smart governance in
urban infrastructure and land use management. To complement the previous studies, it is
necessary to describe the development of Web GIS for policy-making following the
characteristics of developing countries. On this basis, the purpose of this paper is to provide a
framework for how the Open-Source Web GIS application can support decision making,
especially in monitoring the implementation of land use policy in developing countries,
particularly in Indonesia.

Methodology
Study area

The Web GIS framework in this research is applied in Balikpapan City, which is located in the
fastest growing area in East Borneo (Fig. 1). In 2014, Balikpapan was named the most
prosperous city by the 24th Eastern Regional Organization for Planning and Housing
(EAROPH) Congress. The assessment was based on the Indonesian Most Livable City Index
2014. Besides, in 2015, Balikpapan also won an environmentally sustainable city award. With
these achievements, Balikpapan has tried to develop the concept of a smart city by developing
Web GIS as a decision support system, especially in infrastructure and spatial planning.

Economically, Balikpapan is large and growing due to its oil and gas industry, and the growth of
the city and its infrastructure is supported by the success of this sector (Tarigan et al. 2017). In
2016, after several oil companies moved out from Balikpapan, the government wanted to be
able to control post-oil industry changes, and so useful governance concepts in monitoring the
implementation of spatial and infrastructure planning have become essential.

Web GIS development

Web GIS development uses several open-source components, such as Map-Server and Pmapper (Burger
2009). The open-source software model adjusts the purpose of making the system by defining layers and
control layers (Gkatzoflias et al. 2013, Thiebes et al. 2013, Nakayama et al. 2017). The layer in Pmapper
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controls the attributes and the digital maps that appear in Web GIS. In this work, the required input data is
a digital map of the Balikpapan area. Theoretically, the objects that exist in the space geography can be
divided into two types of information. The first type is in accordance with the location on Earth, known as
spatial data. The second type identifies the non-spatial property of the object and it is called the attribute
data.

Fig. 1 — Balikpapan City as study area
Source: Google Maps and the Spatial Planning Agency of Balikpapan
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Fig. 2— Web GIS module content information
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Web-based GIS applications are built using Quantum GIS merging and open source software,
including the Linux Operating System, Mapserver, PHP/Mapscript, and Pmapper framework.
The facilities contained in this GIS application are: (1) Users can open apps from the web, so
they can view thematic maps that include the basic map, infrastructure, and land use maps, (2)
Users can select the desired legend/layer, (3) Users can customize the map size by zooming in
on the map layout, (4) Users can search by the search option, and (5) Users can view the
information through the info table view. The framework of the information module is as shown
in Fig. 2, while the input data in this system can be seen in Table 1.

Table1
Data Input for Web GIS

Data Type Attribute data
Spatial Road/Line (Vector) Name of road, Length

Administrative border / Polygon (vector) Name of Area

Area

Shapefile Land use existing and land use Name of land use

planning (vector Polygon) Area

Shapefile of infrastructure map Point location and coordinates
Non-Spatial Image of location Location name, Area

User interface concept

To create a stable and reliable web-based system which can be used properly, the design of
the system must first be considered. Its design is formed using the concept of multi-users. The
concept diagram in Fig. 3 shows the process flow in demand by the users, with the request and
receive/view processes in one region. The accommodated processes in this user interface are:
(1) the initial process provides requests through the browser, with a selection of available
legend layers, (2) the request is accepted by the webserver, in this case forwarded to the
Mapserver application which processes spatial data, i.e. file maps, (3) the map file is returned
in the form of an image accompanied by an HTML template, and (4) it then determines the
desired information by zooming and query on the map on the browser side. When the
information obtained by searching the location, or directly from the zooming/pan, is final, then
the process ends. In the interaction between the users, the web browsers (client) and the
server are divided into several classes. Each class has its own operation. The MapObj class is
the part structure of the file with a .map extension, which has the major class. They are:
legendObj, scalebarObj, referencemapObj, outputObj, layerObj, querymap, and webObj.

Results

Web GIS Balikpapan (beta version) was developed in Bahasa Indonesia. Thus, in some
discussions, an explanation in English will be added. There is an agreement between
researchers and the local government that infrastructure data and land use should only be
displayed in Bahasa Indonesia. Web GIS Balikpapan’s development results can show all data
for the consumption of policymakers and the wider community. In accordance with the principle
of open data (Danneels et al. 2017, Ruijer et al. 2017), the information submitted must support
democracy in policymaking and benefit the quality of life in the community.

Furthermore, the forms of the information displayed are in the form of a combination of spatial
data in digital map form as well as a data attribute in tabular form, as in Fig. 4. In detail, the
concept of open data initiated in Web GIS Balikpapan is open information spatial data, so that
each unit of data layer displays information according to the existing condition. This is in
accordance with the idea of open data for democracy and good governance (Mccall 2003, Lv et
al. 2017, Oliveira et al. 2017, Sadiq and Indulska 2017), where transparent data, especially in
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the implementation of development, has an impact on the level of public trust in the
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Fig. 4 — Open Data in Web GIS, a combination of spatial and tabular data
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In terms of the use of the user interface, some menus are provided to facilitate users in
accessing the data. The menu includes (1) home, (2) spatial planning menu, (3) infrastructure
planning menu, (4) search menu, and (5) report and tag point menu. The menus in
Balikpapan’s Web GIS are a little different from the standard menu in the Web GIS software
developed for disasters (Dong et al. 2013, Thiebes et al. 2013, Fago et al. 2014). However, by
upholding the principle of open data, Balikpapan’s Web GIS menus not only facilitate inputting
or reporting not only from the operator system but also provide an opportunity for the public to
report on the implementation of infrastructure development and land use (Fig. 5). Hence, the
display data on Balikpapan's Web GIS is sourced from two directions, namely from
government-appointed operators, and from the public. This two-way open data principle is in
line with the smart governance principles — data transparency and participatory data — so that
people can contribute with data on regional development (Mccall 2003, Voss et al. 2004,
Awoleye et al. 2014).

Discussion
Web GIS as supporting tools for monitoring urban land use planning

It is not easy to formulate a procedure for monitoring the implementation of land use planning
policy, especially in a multi-sector and multi-planning field. The system should be able to define
the involved parts and explain the job description of each user. In Balikpapan Web GIS, the
system is able to unify multiple planning databases from multiple sectors to bridge multi-
planning needs, and thus it requires unified data from multiple sectors for the same needs (Bil
et al. 2012, Zhou et al. 2017). The sectors are land use planning and infrastructure for the
same purpose of regional development planning. Moreover, the concept of smart governance
should be able to bridge communications between the public and the government (Eom et al.
2016, Lv et al. 2017) so that Balikpapan Web GIS becomes an effective communication
medium.

The framework for Balikpapan Web GIS emphasizes the effectiveness of communication
between the government, as planning policymakers, and the community, as users and
planning objects. The user definitions are made separately so that each party can perform
varying functions and activities according to the procedure (Fig. 6). These are: (1) user
operator-mediated duties in in-outing data, and as a moderator of data input from the
community, (2) government users and policymakers in charge of disseminating planning policy
products with accurate data in accordance with local regulations, (3) public users, who have
access rights to view the overall planning data, including land use plans and infrastructure as a
basis for development in their respective areas. The integration of these three users is
facilitated in one system so that the unified data concept (Bil et al. 2012) works well.

After understanding these activities, the public user will obtain their rights, namely data about
the planning and obligation in assisting the government to do participatory monitoring of the
implementation of the development plan. The complete public facility display can be seen in
Fig. 7. The complete land use data are divided by each layer of land use. Similarly,
infrastructure data are also displayed in the form of digital maps and data attributes. Land use
planning data are useful to apply for a development permit for the community, as well as the
data on infrastructure development plans.

The reporting facility (Fig. 8) provided by Web GIS Balikpapan as a participatory monitoring
function is beneficial in the implementation of land use planning, so as to reduce the violation
of land use. The participatory monitoring system effectively guards the development process
(Voss et al. 2004, Dunn 2007, Nackoney et al. 2013, Mialhe et al. 2015). This concept is in line
with Kovacs et al. (2017), who stated that the principles of democracy and the contribution or
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involvement of stakeholders (community and government) strongly influence the effectiveness
of land use management. Furthermore, proper land use and infrastructure should be based on
community demand (Hessel et al. 2009, Wellman and Spiller 2012, Derr et al. 2013, Breuste et
al. 2015, Mathey et al. 2015), so that the concept of a smart city supported by technology can
be a sustainable city (Ahvenniemi et al. 2017), complete with community involvement using
Web GIS.
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Fig. 8 — Reporting facility for monitoring land use planning violations

Looking at the workings and distribution patterns of both spatial and non-spatial databases, the
Balikpapan Web GIS function is basically the same as Web GIS developed in previous studies
(Pessina and Meroni 2009, Dong et al. 2013, Thiebes et al. 2013, Currenti et al. 2014, Fago et
al. 2014, Grecea et al. 2016, Stankovi¢ et al. 2016), with various advantages that became the
goal of making Web GIS. The benefits of the previous system are the early warning
applications for disasters and the disaster history display in an area, while Balikpapan Web
GIS can be used in the case of participatory monitoring to prevent land use and infrastructure
planning.

In the GIS participatory process, the community’s demands become the main point, especially
in conveying information (Voss et al. 2004, Brown et al. 2017). The ease of delivering and
receiving information responses is the critical factor to GIS participation so that the
performance of the built system must match the needs of the users. From several tests
conducted using a Focus Group Discussion (FGD) method intended to test Web GIS
Balikpapan, one weakness which was found was that access time increases in line with an
increasing number of users. The FGD invited representatives from each district in Balikpapan
(25 users) to test the system usage. When ten users used the Balikpapan Web GIS, the
access time was 3.6 s, but when 20 to 25 users used it simultaneously, the access time
increased to 6.4 s and 8.1 s (Fig. 9). This is an important note because, in real application,
many users will access the system at the same time. Hence, it is necessary to strengthen the
access to the system, so that the loading time is not too long, and it is lightly used. This
weakness will be part of future work when the system is implemented in Balikpapan City.

Overall, the framework is in line with the needs of the community, both from the availability of
land use information and motivating the community to be involved in monitoring the
implementation of land use and infrastructure planning policy. When the system is
implemented, there must be some adjustments in particular to improve the system
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performance, such as strengthening the server capacity for data access so that the system is
convenient to use and it provides many benefits.

Furthermore, the system developed by Balikpapan Web GIS is more focused on supporting
systems to assist the government in a participatory way. With the right communication
approach through Web GIS, both government and community can monitor even large areas
well. A useful monitoring function with good technological support will enable smart governance
so that the implementation of development plans can be safeguarded together. In accordance
with the smart city spirit, a smart city is not only a utopian concept but also beneficial to the
people living in it, and, in so doing, it can improve the quality of life and create good
governance (Feltynowski 2015, Eom et al. 2016, Ahvenniemi et al. 2017, Fietkiewicz et al.
2017, Kim et al. 2017, Lv et al. 2017).
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Fig. 9 — Time load to access Balikpapan Web GIS

The challenges in implementation

The problem of spatial planning is very complex and it requires the competence of experts from
various fields and it involves policymakers with different interests. There is indeed no perfect
solution for long-term spatial planning. However, the opportunities to improve the access to
spatial information in support of participatory decision making need to be started as a solution
in the future. In such circumstances, various parties are often involved, especially stakeholders
who are directly involved in planning. They don’t need to be GIS experts to be able to take
advantage of Web GIS and to contribute to urban land use planning because it can be
designed to be more user-friendly by utilizing open source technology and freeware.

Some debate did arise in the use of open-source software in web GIS. Most of the focus of the
discussion is on the validity of copyright and data status. However, there have been many
recommendations for open science projects using open-source software. We believe that free
open source is not only understood as the free software but it also gives users the convenience
and freedom to modify it. This is consistent with the study of Chmielewski et al. (2018) which
indicates the importance of open access solutions to meet the expectations of volunteers and
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scientists, especially in developing GIS web in developing countries.

The impetus from theoretical discussions about spatial planning to include digital domains
further strengthens the role of participation in urban and regional planning (Van Casteren and
Sneyers 2002, Alam et al. 2018). Combining the two worlds in one planning job adds new
options, especially in enhancing the planning tools. In this case, the network-based technology
is designed to develop in increasing the satisfaction of all actors involved in urban and regional
planning, especially in detecting the dynamics of urban land-use change. Space that initially
existed only in the real world is currently developing in the virtual space that allows for spatial
simulation and information in policymaking. Furthermore, this method will enable users to
comment on selected features on the map, including comments as input for urban development
and reports on violations of spatial use rules. If developed in more detail, this system can be an
intermediary in interactive landscape planning, which is possible in helping spatial exploration
in WebGIS.

From an academic perspective, web GIS Balikpapan tries to provide an example of using
software with unlimited licenses. This is important, considering that some web GIS service
providers with paid software are costly and must renew their licenses every year. This limitation
can be overcome by open source web GIS with multiple support provided by the user
community (QGIS, Map-Server, P-Mapper, Open Layers, Open Street Map, Leaflets). GIS
communities are free to create and share their GIS tools. This activity is possible to spread
open science methods to the public. In addition, this is also an initiative to utilize open source
web GIS, especially in developing countries like Indonesia.

Aside from cost issues, another major problem is creating lightweight and portable web GIS
solutions without additional costs such as purchasing additional licenses, changing the
operating system or the hardware configuration. Typically, cloud-based mapping platforms
such as this can display data interactively and it can describe land use, especially for
monitoring in urban areas. Some contemporary Geoinformatics activists are also heading
towards cloud services solutions. They are moving to get real-time data processing by adding
several tools, but this system requires a complex system architecture. Thus, the choice to use
web GIS-based on open source is the most realistic option to implement even though there are
disadvantages such as being unable to provide real-time data.

In more complex challenges, Indonesia has also begun implementing spatial information
systems through the one map policy program but it has not yet reached districts/cities outside
of Java, so efforts to create web GIS with good spatial data in realizing smart governance are
urgently needed. Institutional reform and spatial data management also promote a trend
towards democratization of decision making using new technologies (Nackoney et al. 2013,
Natarajan 2017, Ruijer et al. 2017). New technology is used to support the planning and control
of land use, especially in decision making and monitoring the implementation of spatial plans.
No platform perfectly facilitates these needs, but Web GIS development and efforts to
implement it are an influential driving factor for the development of spatial data openness.

Limitations also appear as an integral part of the implementation. As a developing country,
internet infrastructure in Indonesia, especially Balikpapan, continues to develop with varying
capacities. Unstable internet connections are the main obstacle because Web GIS performs
reliable management and analysis of information when the connection is well connected.
However, the spatial dimension plays a substantive role in understanding given phenomena
and estimating possible scenarios, especially for certain cities outside of Java. Indeed, Web
GIS alone cannot solve all problems in the planning process, but their integration with
policymakers and digital infrastructure is able to offer a solution towards smart government.
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Conclusions

Based on the results of the study, Web GIS development Balikpapan can assist the realization
of smart governance. Built applications do not always have expensive costs, and as with the
use of open source technology in the construction of Balikpapan Web GIS, the cost can be
reduced. Furthermore, open-source Web GIS provides opportunities to develop many features
that can help to bridge communications between government and communities in monitoring
the implementation of land use and infrastructure planning policy. Some system adjustments
for future work should be made, especially regarding the speed of access when multiple
persons use it; therefore, future work is required for the development of system performance.
Thus, it will facilitate communication between the community and the government.

With excellent communication and open data support between Web GIS system, government,
and society, smart city implementation with smart people and smart governance will no longer
be a utopian ideal. Moreover, further research needs to be done. One of them is researching
the response of urban communities at all levels in using web GIS technology. This is important
because urban communities are the subject and object of using Web GIS technology in land
use monitoring systems. By doing so, this technology can be sustainable and useful to be
implemented in all developing countries.
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