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A B S T R A C T

Web-based public participatory GIS (PPGIS) has been used by governmental organizations to facilitate people's
contribution to decision-making processes. However, these applications do not provide an open and transparent
environment for public participation. This study suggests that PPGISs should be developed as decentralized
applications (DApp) based on Ethereum blockchain technology to have a fully open, transparent, and accoun-
table environment for public participation. In a blockchain-based PPGIS, the collected data are securely saved on
the blockchain. The validity of the data, replicated on the nodes of the peer-to-peer blockchain network, is
ensured through a consensus process without any central control. The data is tamper-free and immutable.
Additionally, the data is openly accessible to institutions and citizens. A prototype PPGIS was developed as a
DApp through which users can participate in the site selection of urban facilities. Using the application, they
compare and rank different criteria. The system solves an analytic hierarchy process to calculate the weights of
the criteria. A suitability map is generated afterward and published to be used by both citizens and decision-
makers. The feasibility of the application, along with the issues that need to be considered while using block-
chain technology for urban planning and development, are thoroughly discussed.

1. Introduction

Urban planning is a decision-making process that requires not only
information about the physical environment, but also the social and
cultural landscape. Over the past three decades, advancements in
mapping technologies, including global positioning systems, remote
sensing, Geographical Information Systems (GIS), unmanned aerial
vehicles and internet of things, has provided us with the opportunity to
measure the physical world, more frequent, easier and more accurate
than before. These technologies supply the required information that
describes the physical environment of a city. Understanding the social
and cultural landscapes, however, requires methods to receive the in-
tuition of citizens as well as institutions (e.g., urban planning and en-
vironmental management organizations), we refer them as users in this
paper, and apply that knowledge into the decision-making processes.
Utilizing public participation in the urban planning process enables
users (citizens and institutions) to contribute to urban planning and
provide the possibility to search for the best solution for urban pro-
blems (Mansourian, Taleai, & Fasihi, 2011).

Public participatory GIS (PPGIS) is the underlying discipline that
tries to involve citizens' knowledge into urban planning activities and

decision-making processes. PPGIS, as a particular form of collaborative
spatial decision-making (CSDM), is used by governmental organizations
to promote the participation of citizens in decision-making
(Malczewski, 1999; Mansourian et al., 2011). It intends to “make GIS
and other spatial decision-making tools available and accessible to all
those with stake in official decisions” (Sieber, 2006). Considering the
spatial dimension in the collaborative decision-making process can
significantly increase the accuracy and validity of environmental
planning problems. It also provides a base to foster a knowledge society
that is fully engaged in the planning process of their surroundings.
Though, PPGIS provides the support to share data, information, and
knowledge as well as models.

The emergence of Web 2.0 (O'Reilly, 2005) was considered as a
significant driver for using web technology to enhance public partici-
pation and provide new forms of government-citizen collaboration
(Brabham, 2009). A global trend can be seen in governmental organi-
zations, demanding web-based public participatory solutions to expand
services and increase citizen involvement (UN, 2016). In response, web-
based PPGIS solutions have been developed to facilitate the contribu-
tion of citizens in sharing information and knowledge about urban
problems and possible solutions (Steiniger, Poorazizi, & Hunter, 2016).
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Some of these solutions try to improve decision-making in different
contexts through proper and collaborative weighting of reasons for and
against some predefined prepositions (Elwood & Leszczynski, 2013;
Fearon, 1998; Jankowski, Czepkiewicz, Młodkowski, & Zwoliński,
2016; Mansourian et al., 2011; Pánek & Benediktsson, 2017; Sieber,
2006; Tulloch, 2008).

Meanwhile, the advent of new technologies provides the possibility
to improve web-based PPGIS applications and increase the transpar-
ency, security, and accountability of the planning process. Such an
improvement can be achieved through the decentralization of the
system. This paper aims to propose and discuss blockchain technology
as a means for developing PPGISs as democratic and decentralized
systems that are open, transparent, and accountable. Having the PPGIS
developed based on blockchain technology, the collected data from
citizens and participating organizations, e.g., urban planning and en-
vironmental management organizations, are securely saved on the
blockchain. The validity of the data, which is replicated on the nodes of
the network, is ensured through a consensus process, without any
central control. Hence, the data is tamper-free and immutable. Any
change in the data is preserved and detectable. Moreover, independent
experts can freely access and audit the data and the processing results.
A PPGIS with such characteristics is open, transparent, and accountable
by nature, in comparison to other web-based PPGIS technologies that
are developed using Web 2.0. Such openness, transparency, and ac-
countability are of particular importance to address mistrust between
authorities, political, and private stakeholders (see, e.g.,
Panagiotopoulou, Somarakis, and Stratigea (2016), Xie et al. (2019),
and Muth, Eisenhut, Rabe, and Tschorsch (2019)).

In order to demonstrate the feasibility of using blockchain in PPGIS
applications, we have developed a web-based Multi-criteria Decision
Making (MCDM) PPGIS application on the blockchain, that can be used
to facilitate public participation in urban planning. The system, called
Participatory Urban Decision-making DApp (PUDD), was developed
using the Ethereum platform as a DApp (Distributed Application) and
tested in a case study for site selection of a shopping center in Lund,
Sweden. We have discussed how such a system enables people to reflect
their ideas regarding urban planning processes, how their ideas are
processed on the blockchain, and how the results are published for the
whole community. The issues that need to be considered while using
blockchain technology for the development of PPGIS applications are
thoroughly explained in the text.

The rest of the paper is structured as follows. The second section
describes the background theory about blockchain technology and the
Ethereum platform for the development of blockchain-based applica-
tions. The third section reviews the literature and describes the

relationship between participatory urban planning and blockchain
technology. The proposed PPGIS application is explained in section
four. Section five discusses the specific characteristics of the developed
solution and explains the areas that need to be explored more for the
proper utilization of blockchain technologies for developing PPGIS
applications. Finally, section six concludes the study and describes the
future works.

2. Blockchain

2.1. Blockchain technology

Blockchain is a decentralized ledger technology that proposes a
novel way to save and track transactional data without the supervision
and intervention of a central authority. The concept of blockchain was
first introduced by Nakamoto (2008), by proposing Bitcoin as a virtual
cryptocurrency that maintains its value and transaction history without
support from financial entities. However, the application of blockchain
has expanded further than the cryptocurrency to other sorts of data.

A standard blockchain is composed of a peer-to-peer network of
computers running the Blockchain software, known as nodes, each
maintaining a copy of the data (Shen & Pena-Mora, 2018) that is di-
gitally signed based on cryptography. Any update to the data is im-
mediately propagated throughout the network. In this network, any
change in the data must be reviewed and validated by a majority of
nodes in a consensus process. Therefore, nobody can tamper with the
data, everyone can inspect it, and it can be trusted (Berryhill, Bourgery,
& Hanson, 2018). Such characteristics result in a computational en-
vironment that is open, transparent, and accountable. Blockchain is also
known as a trust-free computing environment, meaning that the com-
puting environment can generally run in a peer-to-peer manner,
without the supervision of a trusted third party, where the self-enfor-
cing rules of the blockchain ensure the validity of the data and trans-
actions (Beck, Czepluch, Lollike, & Malone, 2016).

As its name implies, blockchain stores the data in blocks that are
chained together using an append-only structure (Xie et al., 2019). In
pre-specified time intervals, the network allows a node that has been
able to solve a computation puzzle faster than other nodes of the net-
work, to add a new block to the blockchain. The new block contains the
transactions that have taken place since the generation of the previous
block. The node that adds the new block is rewarded. This computa-
tional consensus process is called proof of work (PoW).

As shown in Fig. 1, blocks contain the transaction data along with a
timestamp, a nonce number, and a reference in the form of a hash
number to the previous block. Each block is digitally signed by a hash

Fig. 1. Blockchain is a chain of blocks.
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value, which is generated by a hash function. The hash function re-
ceives the transaction data, the timestamp, the nonce, and the hash of
the previous block and, in response, generates an encrypted string of a
fixed length as the unique fingerprint of the block so that it is almost
impossible to decipher the input from the hash string. Using the hash of
the previous block along with the block's data strongly chains blocks
together so that any change in the previous blocks can easily be traced
back and recognized. In other words, any modification in a block results
in a new hash for that block, and since the old hash of the block was
used in the generation of the hash of the subsequent blocks, the link
between the two blocks is broken, and the change is detected.

Blocks can only be appended to the existing blockchain and it is not
possible to delete a block once it is added to the chain. It means that the
blockchain is an ever-growing data structure (Shen & Pena-Mora,
2018), constructed as an immutable list of records.

When a node solves the computational puzzle and completes the
PoW, it will publish the new block, including all the new transactions,
in the network. The rest nodes in the network then verify the history
and signature of the newly added block. If most of the nodes come to a
consensus that the history and the signature are valid, the block is
added to the chain. As stated by Gupta (2017), adding each new block
to the chain through the consensus validation mechanism strengthens
the verification of the previous blocks and hence the entire blockchain.

2.2. Ethereum, smart contract, and DApps

Ethereum is a blockchain-based platform that intends to provide
developers with the ability to easily create consensus-based applica-
tions which are scalable, standardize, feature-complete, interoperable,
censorship-resistant, and self-sustaining. It includes a blockchain with a
built-in Turing-complete programming language, called Solidity, which
allows anyone to write smart contracts and decentralized applications
with their own rules for ownership, transaction formats, and state
transition mechanisms (Buterin, 2014).

A smart contract is a computer program that automatically exe-
cutes/enforce predefined terms of a contract (Buterin, 2014; Reyna,
Martín, Chen, Soler, & Díaz, 2018) on the blockchain. The terms and
conditions of the contract among the parties (e.g., buyer and seller) are
directly written into the lines of the program.

The standards and codes of Ethereum were developed in a crowd-
sourcing initiative by a community of users and developers, known as
the Ethereum network. After the development, the Ethereum platform
was formed through the collaboration of Ethereum nodes that was set
up by volunteer entities and ran the Ethereum code. Anyone can set up
an Ethereum node and participate in the extension of the Ethereum
network. Therefore, Ethereum is not controlled by any omnipotent
company or entity (see Ethereum foundation mission on https://
ethereum.org).

Ethereum can be seen as a global transaction-based state machine,
consisting of a globally accessible singleton state along with a virtual
machine called EVM (Ethereum Virtual Machine) (Antonopoulos &
Wood, 2018). This global state conserves the information in the form of
either externally owned accounts (EOA) or smart contract accounts
(Fig. 2). Both EOAs and smart contracts have unique addresses through
which they are identified in the system. They may also include some
amount of Ethereum cryptocurrency, called ether, saved as the balance.
EOA represents a real/legal person that interacts with the system. From
the Ethereum point of view, EVM is responsible for decoding a smart
contract and executing it on the Ethereum network when the conditions
of the contract are satisfied without the need for any central authority
or legal entity. Execution of smart contract results in new transactions
in Ethereum in the form of contract creation instructions or message
calls, both of which may lead to changes in the state of an account and
hence change in the global state or simply retrieving information. A
message call can execute a method of a contract or transfer ether from
an EOA or smart contract to another EOA or smart contract. The change

in the information of EOAs or smart contracts, and hence the global
state, are collated into blocks (Wood, 2014) of the underlying block-
chain of Ethereum.

The computational efforts of each activity on the Ethereum network
that modify the state is gaged by an internal measure, called gas. When
we ask for any activity on Ethereum, the computation is metered in gas
and then paid in ether.

Having the above-mentioned functionalities, smart contracts on
Ethereum can be used as the underlying technology to develop decen-
tralized applications (DApp), with advantages over traditional web-
based applications (Fig. 3). As depicted in Fig. 3.a, a traditional web-
based application is typically composed of a database which saves the
data, a back-end module which accesses the database and performs the
business logic, and a front-end module that is loaded on the browser, as
the user interface of the system interacting with the user. However,
such architecture has a single point of failure, and in case that the
server does not work, the whole application will not be reachable.
Additionally, the only part of the system that is partly visible to the end-
user is the front-end, where the user can see the JavaScript code and
HTML content. Nevertheless, the database is not visible to the user. The
whole system is managed and owned by a person or company; the data
can intentionally be tampered by the owner; the data may be concealed
or partly presented; or hackers may attack the system and modify the
data.

DApp, on the other hand, provides the ability to develop applica-
tions that are fully open to the users and autonomously operate with no
entity controlling the application. The data and code of that application
are securely stored and managed by a decentralized blockchain in order
to avoid a central point of failure. Additionally, since the data is saved
on the blockchain, it is secure and tamper-free. Fig. 3.b represents the
overall architecture of a DApp. In this architecture, the data is stored on
the Ethereum blockchain network. The application logic is developed as
smart contracts and published on and managed by blockchain. In this
regard, EVM is responsible for executing the smart contract code. The
smart contract in this architecture is playing the role of the back-end.
This back-end is entirely decentralized, and its code is stored on,
managed, and run by the blockchain. In order to interact with the smart
contract, the user needs to contact a node of the blockchain network. If
a particular node is out of service, then other nodes are contacted and
compensate for that node. Additionally, the DApp application, based on
Ethereum, benefits from a cryptocurrency, called ETH. This crypto-
currency can be used to build financial applications or easily include
money-related activities in DApps.

3. Blockchain in participatory urban planning

Blockchain technology can be exploited to play a constructive role
in several aspects of urban development and planning. Several cities
worldwide are launching blockchain-based initiatives as part of their
efforts to shape their futuristic development (Nordrum, 2017; Ojo &
Adebayo, 2017; Ølnes & Jansen, 2018; Shen & Pena-Mora, 2018). There
have been several studies about utilization of blockchain for different
aspects of urban environment, e.g., land and property management and
administration (Badea, 2019; Bennett, Pickering, & Sargent, 2019; Vos,
Lemmen, & Beentjes, 2017), incentivize and encouraging citizen for
cycling (Jaffe, Mata, & Kamvar, 2017), monitoring environmental
qualities (Ibba, Pinna, Seu, & Pani, 2017), will drafting (Sreehari,
Nandakishore, Krishna, Jacob, & Shibu, 2017), smart power grid
management (Cheng, Zeng, & Huang, 2017), and distributed trans-
portation management system (Farooq et al., 2020), to name but a few.
For a detailed literature review about the utilization of blockchain
technologies in urban environments, see Shen and Pena-Mora (2018)
and Xie et al. (2019). Several researchers have proposed blockchain
technology as an enabling technology for the smart cities in the last few
years (Ibba et al., 2017; Kundu, 2019; Lam, Junus, Mak, Lam, & Lee,
2018; Li, 2018; Marsal-Llacuna & Segal, 2016; Noh & Kwon, 2019;
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Fig. 2. Ethereum account types (Wood, 2014).

Fig. 3. Traditional web application architecture vs. DApp architecture.
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Rivera, Robledo, Larios, & Avalos, 2017; Sharma & Park, 2018; Sreehari
et al., 2017; Xie et al., 2019).

In parallel to the expansion of the application of blockchain tech-
nology to different aspects of urban development, some researchers
have started working toward the utilization of this new technology for
participatory urban planning. Due to the significance of public parti-
cipation for modern urban societies, Arnstein (1969), Smyth (2001),
Kakabadse, Kakabadse, and Kouzmin (2003), and IAP2 (2018) modeled
different layers of public participation, and in another attempt,
Steiniger et al. (2016) specified planning support functionalities for
participatory e-planning platforms. Among them, IAP2 (2018) has de-
fined five layers of public participation spectrum as informing, con-
sulting, involvement, collaboration, and empowerment. Built on top of
IAP2, Muth et al. (2019) categorized five groups of use cases in which
utilization of blockchain technology can improve and promote urban
public participation, including (1) document management, (2) feedback
and social network integration, (3) opinion polls and voting, (4) toke-
nization, participatory budget and (5) crowdfunding. Muth et al. (2019)
argued that the utilization of blockchain technology could improve
transparency and accountability of the urban planning process in the
five layers of the public participation spectrum and enhance co-decision
making and empowerment layers. Transparency and accountability are
essential prerequisites of the participation process, where key stake-
holders need to relay public information about changes in the city and
development plans, as fundamental democratic rights in urban planning
(Habitat, 2015). Such qualities are of great importance to address
mistrust between authorities, political, and private stakeholders (Muth
et al., 2019; Panagiotopoulou et al., 2016; Xie et al., 2019). The re-
quirement for transparency and accountability was also highlighted by
Carver, Evans, Kingston, and Turton (2001), Beierle (2005), Stratigea
(2015), Butt, Li, and Javed (2016), and Steiniger et al. (2016). Likewise,
Shen and Pena-Mora (2018) emphasized that lack of transparency and
accountability could be “a key factor that hinders the realization of the
citizen participatory model.” In this sense, the basic functionality of
blockchain technology, as a decentralized, shared database, is to pro-
mote openness, transparency, and accountability while providing a
secure and tamper-free computing environment for public participa-
tion.

Moreover, as stated by Kundu (2019), blockchain technology can
support a more direct model of participation. The e-platforms asso-
ciated with participatory urban planning (Steiniger et al., 2016) typi-
cally rely on online tools that are increasingly monopolized by few
companies serving as a de-facto central authority (Ibanez, Simperl,
Gandon, & Story, 2017; Shen & Pena-Mora, 2018). Blockchain opens
the way to re-decentralized computing over the Internet (Ibanez et al.,
2017). It allows for redesigning the complex systems in a more parti-
cipatory manner (Shen & Pena-Mora, 2018), without the need for a
central managing body.

In this context, few studies have chiefly focused on the utilization of
blockchain technology for participatory urban planning activities.
Laskowski (2017) proposed a blockchain-enabled public participatory
decision support framework to promote transparency in urban policy
and decision-making in an epidemiological, public health context. In a
comprehensive research project, a blockchain-based system was pro-
posed and developed to engage citizens in the urban policy-making
processes in a transparent, bottom-up manner (Marsal-Llacuna, 2018;
Marsal-Llacuna & Oliver-Riera, 2017; Marsal-Llacuna & Segal, 2016).
The system enables citizens to submit their needs to the blockchain,
where the needs are prioritized in a consensus process and converted to
policies. The policies are realized as different projects which by turn,
are prioritized through citizens' voting. Ibba et al. (2017) proposed a
city sensing system that encourages the participation of citizens in
monitoring urban environmental qualities. Laouar, Hamad, and Eom
(2019) also reported the use of blockchain for urban wastewater
planning and management. In all of the mentioned studies related to
public participation, the blockchain technology has provided a

transparent and accountable computational environment in which ci-
tizens, instead of completely delegating their voice to elected re-
presentatives, participate in the planning process of their city.

This article is an attempt to investigate the feasibility of using
blockchain technology for participatory urban planning. Mainly, the
focus of this article is on the development of an MCDM PPGIS solution,
in line with the third use case of exploiting blockchain technology for
the improvement of public participation, opinion polls and voting,
proposed by Muth et al. (2019).

4. Blockchain-based PPGIS

In order to provide a PPGIS solution that is open, transparent, and
accountable, this study suggests that PPGIS should be developed as a
DApp on the Ethereum platform. In this regard, instead of using con-
ventional web application architecture where the backend is developed
as a server-side module and centrally installed on a server machine, we
use smart contracts as the backend module of PPGIS application.

In order to describe the proposed approach, a prototype MCDA
PPGIS through which users can participate in the decision-making
process about their city was considered and developed in this study.
The system, called Participatory Urban Decision-making DApp (PUDD),
is an application that can be used for participatory site selection within
the city.

4.1. Overall view

Fig. 4 presents a workflow that shows how PUDD works. The pro-
cess begins whenever a municipality wants to select a suitable site for a
new facility. In this regard, the municipality defines a set of suitability
criteria for the desirable site. Having the criteria, an external agent
extends and implements a new version of PUDD on Ethereum, based on
the defined criteria. The extended version of PUDD will be accessible
over the Internet and enable users to participate in the site selection
process by specifying the importance of each criterion, in comparison to
another criterion, based on their personal views. Then, PUDD solves an
MCDM process using AHP (analytic hierarchy process) algorithm. Sol-
ving AHP results in having the weights of all criteria. Using the weights,
a Map-Server generates a suitability map for the construction site, based
on the weights provided by the users. Finally, the suitability map is
published for the general public and also used as a source for the de-
cision-makers in the institutions.

4.2. System architecture

Fig. 5 depicts the architecture of PUDD, including three main
components: a blockchain back-end, a map server, and a front-end.
Ethereum is considered as the blockchain backend of the system, where
the ranks that users give to each criterion for the generation of the
suitability map are preserved on Ethereum blockchain using the PUDD
smart contract. PUDD Smart Contract includes the business logic re-
quired for receiving rankings from users and securely saves those
rankings along with additional spatial and attribute data over the
blockchain. PUDD Smart Contract also solves AHP and calculates the
weights of the criteria based on the rankings that are received from
users. It should be mentioned that the current version of the Solidity
programming language does not support complex data types, and
therefore, in order to save the spatial data, we first encoded the data as
GeoJSON and then saved the GeoJSON as a string on the smart con-
tract.

For any specific problem, a specific PUDD Smart Contract is derived
from the core PUDD Smart Contract. This specific contract includes the
functionalities that are required by that specific problem, while it still
uses the base functionalities of the parent PUDD Smart Contract to save
and retrieve the criteria from blockchain or to solve AHP.

Users can connect to the PUDD Front-end, which is a web
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application that provides the ability for them to compare criteria and
rank them. Having the comparison results collected from users, the
aggregated weights are calculated by the smart contract and sent to the
Map-Server to generate the suitability map. In order to generate a
suitability map, the aggregated weights are passed to a Process
Generator component. The Process Generator component creates a WPS
(Web Processing Service, see Schut (2007)) script based on GeoServer
specifications (http://geoserver.org/). The execution of WPS service,
using this specification, results in the generation of the suitability map.

Mapping Front-end uses the WPS script to generate the suitability map
and show it to the institutions and citizens.

4.3. Development

In order to develop PUDD, different technologies have been used.
The Front-end of the system was developed as a web application,
powered by JavaScript programming language and React (https://
reactjs.org/). In order to be able to interact with the smart contract,

Fig. 4. The workflow of using PUDD.
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drizzle library by truffle (https://truffleframework.com/) was em-
ployed on the client-side. Drizzle works as a layer above Web3.js soft-
ware library (https://github.com/ethereum/web3.js/) to enable the
user interface to connect to the blockchain network and interact with
smart contracts. The smart contract was developed using Solidity pro-
gramming language. OpenLayers library (https://openlayers.org/) was
also used on the Front-end to provide the required mapping function-
alities.

The blockchain backend is supposed to be implemented on the
Ethereum network. However, for development and test purposes, a
local blockchain network, named Ganache (https://www.trufflesuite.
com/ganache), was implemented and used. Additionally, GeoServer
(http://geoserver.org) open-source library was used as the Map-Server
backend. GeoServer provided WPS service that receives a script for the
execution of a chained process.

4.4. Implementation

In order to demonstrate the feasibility of the proposed solution, a
case study related to a construction plan in Lund, Sweden, was con-
sidered and implemented. It was supposed that the Lund municipality
was going to build a new shopping center. The PUDD Smart Contract
was developed and implemented on a local blockchain network. The
front-end was also developed and implemented.

In this project, truffle (www.trufflesuite.com), a development en-
vironment, testing framework, and asset pipeline for blockchains using
the Ethereum Virtual Machine (EVM), was utilized as the underlying
technology for the development and testing of the proposed solution.
Truffle provides the possibility to implement a local blockchain net-
work, develop smart contracts using the Solidity programming lan-
guage, and exploit JavaScript for building a front-end application to
work with smart contracts and the blockchain. In order to simplify the
process of interacting with the smart contracts and the blockchain,

truffle has integrated web3.js (https://github.com/ethereum/web3.js/)
JavaScript to its ecosystem. It should be mentioned that the DApp that
is developed and tested on truffle can be directly shipped to the live
Ethereum network without any further change.

A number of selected citizens connected to the PUDD Front-end
(Fig. 6) and compared the criteria that had been considered necessary
about the suitability of the lands for the shopping center. They could
also mark the areas where they thought were suitable for the shopping
center within or around the city. Then the comparison result along with
the specified location was saved on the blockchain.

Having the comparison of criteria, an AHP was solved by the smart
contract and calculated the weights of each criterion. Then, using the
weights, the Map-Server generated the suitability map based on the
collective weights of criteria which were received from the users. Fig. 7
demonstrates the output suitability map (f) along with the factor maps
(a–e), which show the suitability for each criterion on the site selection.
With the suitability map ready, considering the occupied places in the
city, we highlighted the most suitable sites (Fig. 7.f). Some of the se-
lected sites are actively under construction by the municipality and
some others are vacant lands that can be proposed to the municipality
to be considered as construction sites for the shopping center.

Having the data on the blockchain, any user with proper program-
ming knowledge can bypass the developed front-end of the system and
interact with the developed smart contract of the PUUD using the
standard JSON RPC API1 of the Ethereum network. Some websites
provide the possibility to visually traverse the blocks of the network
using the JSON RPC API, e.g., see https://etherscan.io/. Fig. 8 shows a
sample of direct access to the blockchain network and retrieving the last
site selection criteria weighting and suggested area, added to the system
by a user. It should be mentioned that, in addition to access to the Smart

Fig. 5. The architecture of PUDD.

1 https://github.com/ethereum/wiki/wiki/JSON-RPC.
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Contract, any user can access the underlying blockchain network and
retrieve a part of or the whole blockchain.

5. Discussion

The proposed approach for the development of PPGIS applications
as DApps based on blockchain technologies has the following char-
acteristics:

• The whole data that is gathered from the users are openly saved on
the underlying blockchain of the DApp.

• The data is openly accessible to users (citizens and institutions) and
can be inspected and audited.

• The business logic of the PPGIS application is also developed as a
smart contract that also resides on the non-proprietary, decen-
tralized blockchain network.

Since both data and logic are fully open, the application is trans-
parent for the users with technical programming knowledge for mon-
itoring and double-check. Additionally, having the data on the block-
chain means that it will be extremely tough to tamper with the data that
is saved in the PPGIS application, and even the tampering during saving
and visualization will be detectable by checking the previous versions
of the data. Therefore, the users' opinions are safely stored and pro-
tected on the application. Havening access to the processing procedures
of the application also enables the users to be able to discover what kind
of analysis is applied to their data in PPGIS. In this way, citizens and

institutions will consider the PPGIS as an accountable and trustworthy
application that merely reflects their collective decision.

Although utilization of blockchain technology for the development
of PPGISs has the above-mentioned advantages, there are still some
issues that need to be dealt with before we can fully exploit blockchain
technology and DApp architecture for developing complex PPGISs and
other urban development and planning activities. The rest of this sec-
tion explains the concerning issues.

5.1. Spatial data handling

Due to the restrictions of the Solidity programming language of
Ethereum, the proposed solution in this study uses a simple approach
for saving spatial data on the blockchain, so that the spatial data is
encoded as GeoJSON and saved as a string in the smart contracts.
However, in order to be able to develop more complex PPGIS appli-
cations with advanced GIS functionalities, we need to find a solution for
adding geospatial data types to the Solidity language. Moreover, the
language needs to support some sort of spatial indexing and query
handling.

5.2. Storage capacity

Storage capacity has been considered as one of the most problematic
issues in working with blockchain technology. In the blockchain, the
size of the chain continuously grows by adding new blocks to the chain.
As the size of the chain grows, the amount of storage, needed by nodes

Fig. 6. PUDD front-end.
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in the network to store the chain increases. The storage problem of
blockchain is exacerbated when we want to save more voluminous data
like spatial and attribute data that are used in PPGIS on the blockchain.
In this case, the amount of storage that nodes need to deposit the chain
increases and also the synchronization process among nodes of the peer

to peer network will be a challenging issue. An approach to address the
storage problem is to save the voluminous data of PPGIS outside the
chain. This method has been called off-chain solution (Lazarovich,
2015) and provides the possibility to store the large part of the data on
a conventional SQL or NoSQL database system and then anchor the data

Fig. 7. a–e) Factor maps and f) final suitability map with selected sites.
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to the chain. Having the data anchored to the chain enables us to prove
the integrity of the data that is stored in the parallel database man-
agement system (Reyna et al., 2018).

5.3. Data ownership

Another issue with blockchain technology that may provide some
problems for the implementation of PPGIS on the blockchain is data
ownership. Not all the data that we need to use in PPGIS applications
are supposed to be published freely. Some parts of the data, especially
the spatial data that comes from different sources, are private and
proprietary. Therefore, we need to have specific user access methods
through a transparent authentication/authorization mechanism to
control access to such data. However, blockchain technology was built
based on the anonymity of the users and the transparency of the
transactions. The anonymity of users prevents us from identifying users

which disrupt the authentication and consequently the authorization
processes. In order for a PPGIS to consider privacy, one must consider
the new attempts to address privacy in blockchain platforms, e.g., the
study by Buterin (2016).

5.4. Visibility settings

Blockchain networks can be implemented with different visibility
settings, including public, private and consortium. In contrast to public
blockchains that are publicly accessible through the internet and fully
transparent to the users, we can also use private blockchain, where the
network is centrally implemented in and managed by an organization.
Meanwhile, consortium blockchain has the middle ground, so that it
allows a few selected nodes to access and work with the blockchain in a
restricted manner. The possibility of using consortium blockchains
should be considered and investigated as a requirement for extending

Fig. 8. Retrieving data from the PUUD smart contract, directly using web3.js and JSON RPC API.
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blockchain technology to other aspects of urban development and
planning.

5.5. Energy efficiency

The consensus mechanism of Ethereum, known as PoW, is compu-
tationally expensive and consumes a large amount of electrical energy
(Fairley, 2017; Xue et al., 2018). However, this issue is being highly
investigated in the blockchain community. New consensus mechanism
like Proof of Stake (King & Nadal, 2012; Larimer, 2013), PBFT (Castro &
Liskov, 1999), and Delegated Proof of Stake (DPoS) (Yang et al., 2019)
have been proposed that are faster than PoW and more energy-friendly.
The upcoming update of the Ethereum platform is going to adopt PoW.

5.6. Financial aspects

This study did not focus on the financial aspect of using blockchain
technology for public participation. There are two main issues in this
regard that need further investigation. The first issue is the possibility to
incentivize participation through cryptocurrency. Such a possibility can
highly extend the coverage of public participatory systems in societies
(Klechikov, Pryanikov, & Chugunov, 2017).

Another important issue is the computational cost of implementing
a public participatory system on a blockchain network like Ethereum,
where the developers do not need to buy a host or set up a hardware
infrastructure to host the solution. However, instead, any computa-
tional activity on the network is paid by Ether cryptocurrency. A
thorough cost-benefit analysis study should be done to highlight the
pros and cons of using blockchain in this context.

5.7. Cloud computing

Web-based PPGIS that are using cloud services as their server
backbone can be considered as a rival to the proposed architecture from
performance and availability perspectives. Implementation of a web-
based PPGIS on a cloud service like Amazon AWS or Microsoft Azure
will result in a system that is immune from a single point of failure
problem (if we neglect the cloud outage). Additionally, such cloud
services are much faster than the current blockchain technology.
However, cloud computing does not provide an open, transparent, and
accountable computational environment in comparison to the block-
chain. With blockchain, the data is saved on several nodes of a peer-to-
peer network. A single entity does not manage the network. The data is
validated and protected through a consensus process and immutably
saved on the nodes of the network.

Moreover, a myriad of initiatives and research activities around the
world have focused on the sole purpose of addressing the scalability and
performance issue of blockchain (e.g., see Wirdum (2017), Croman
et al. (2016), Zheng, Xie, Dai, Chen, and Wang (2017), and Cheng et al.
(2019)). Some researchers have also started to work on the integration
of blockchain and cloud computing (Gai, Choo, & Zhu, 2018; Miyachi,
2018) and in parallel cloud computing solutions like Microsoft Azure
and Amazon AWS are providing blockchain as a service on top of their
cloud computing infrastructures.

6. Conclusions

This study proposed an approach based on blockchain technology
for the development of open, transparent, and accountable PPGISs as
DApps. In order to prove the feasibility of the solution, a prototype
PPGIS for participatory site selection was developed and implemented.
The developed application can receive the ranks of criteria from users,
calculating the rank of every criterion using AHP, and generating the
suitability map. The proposed PPGIS application is secure and ac-
countable, as it protects the data from unauthorized tampering or
change and preserves the lineage of the data. Moreover, the system is

fully transparent to the users as it saves both data and processing
functionalities on the blockchain network so that users can have access
and audit the application. Therefore, we can conclude that a PPGIS with
such characteristics, in addition to engaging citizens and institutions in
the urban decision-making activities (Brown & Kyttä, 2014), can ef-
fectively address the requirement for openness, transparency, and ac-
countability of the planning process (Beierle, 2005; Butt et al., 2016;
Carver et al., 2001). Utilization of the blockchain technology also opens
new windows for further improvements in the urban development and
planning process.

A future work of this study will be to work on possible solutions for
handling large spatial datasets on the blockchain network, where a
possible approach could be the utilization of cryptography along with
sharding and hash tables for storage of spatial data. Other important
issues that need to be addressed are adding spatial data types as well as
required spatial analysis functions like overlay, intersect, and touch to
the Solidity language to enable advanced spatial data handling in smart
contracts.
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