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ABSTRACT1 
This paper presents a process for selecting the most appropriate 
standard indicators for the Smart City Pilot being implemented in 
Knowledge Oasis Muscat (KOM) in the Sultanate of Oman, by the 
Information Technology Authority (ITA) in cooperation with the 
Public Establishment for Industrial Estate (Madayn). The 
indicators were selected by reviewing and analysing regional and 
international standards developed to measure smart city 
performance and progress. Seven indicator standards, with a total 
of 410 indicators were analysed. The selection of the indicators 
considered critical aspects of the pilot project. These included the 
strategic objective of implementing the pilot, the phase of the pilot 
development, the purpose of the assessment, the urban focus and 
the city sectors being addressed by the pilot. The results provide a 
suitable set of indicators from these standards, aligned with the 
assessment objectives and the smart city pilot project. 
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Economic challenges and the drop in global oil prices have forced 
Oman to change its strategy away from depending on oil revenue, 
towards diversification strategies and to encourage growth [1]. 
There is an infrastructure investment plan for the development of 
Oman’s logistics, transportation and information, and 
communication technology [2]. Oman vision 2040 along with 
eOman 2030 strategy, are looking to improve the quality of life, 
facilitated by technology and smart infrastructure, enabling 
people to enjoy social welfare and building a diversified, globally 
competitive economy. According to the Global Information 
Technology Report, Oman ranked 52 in network readiness in 2016 
reflecting a good level of ICT development. The country is ready 
to leverage the opportunities from adopting technologies and 
moving toward smart and sustainable infrastructure [3].  

Smart City Pilot in Knowledge Oasis Muscat (KOM) is one of 
Oman's national projects implemented by the Information 
Technology Authority (ITA) in cooperation with the Public 
Establishment for Industrial Estate (Madayn). The pilot is 
implementing smart solutions for parking, traffic management, 
lighting, safety and security, waste management and 
environmental monitoring. These will showcase how fourth 
industrial revolution technologies enable efficiency and a higher 
quality of life. The pilot will also be used to develop national 
strategies for smart cities and smart infrastructure including a 
reference model, policies, regulations, standards and 
measurement tools. These will then guide and direct public and 
private entities to participate in implementing future smart city 
projects. 

This paper reports on one of these objectives, developing 
measurement tools, by selecting a set of suitable indicators to form 
a framework to assess and monitor the progress and performance 
of the pilot project. The paper makes use of the taxonomy 
developed by Huovila et al. [5] which classified indicators 
according to their urban focus, application domain and indicator 
type. 
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2. BACKGROUND 
There are many indicators available for measuring the smartness 
and sustainability of cities. These come from sources including 
international bodies, private and public entities, and academic 
research [4]. This work focused on indicator standards from 
regional and international organizations, after looking at the 
intended purpose of the tools, what they measure, their 
transparency, and who can use them. International indicators are 
preferred because they allow for comparability over time and 
between cities, and they tend to be transparent [5]. 

2.1. Indicator Standards 
This analysis considered international indicator standards 
published recently by regional and international organizations 
and applicable as measures of a smart and sustainable city. Seven 
standards from four different sources (ISO, ITU, ETSI, and UN-
Habitat) with a total of 410 indicators, were examined (Table 1). 

Table 1: Indicator standards examined 

NAME DESCRIPTION NUMBER OF 
INDICATORS 

ISO 37122:2019 
[6] 

Sustainable development in 
communities-indicators for Smart cities  82 

ISO 37120:2018 
[7] 

ISO37120:2018 sustainable development 
of communities–indicators for city 

services and quality of life 
104 

ETSI TS 103 
463:2017a [8] 

Key performance indicators for 
sustainable digital multi service cites  76 

ITU 4901:2016 
[9] 

Key performance indicators related to 
the use of information and 

communication technology in Smart 
sustainable cities  

48 

ITU 4902 
(ITU,2016) [10] 

Key performance indicators related to 
the sustainability impacts of 

information and communication 
technology in Smart sustainable 

cities(ITU,2016c) 

30 

ITU 4903:2016 
[11] 

Key performance indicators for Smart 
sustainable cities to assess the 

achievement of sustainable 
development goals  

52 

UN SDG 11+ 
[12] 

Monitoring framework (UN-Habitat 
etal.,2016) 18 

TOTAL number of indicators 410 

 
The ISO 37120 standard, published in July 2018, focuses on the 

performance of city services and quality of life. The recently 
published ISO 37122 standard focuses more on smart enabling 
technologies, and was released in May 2019 as a complement to 
ISO 37120. Huovila et al. [5] argue that ISO 37122 should be used 
in combination with the ISO 37120 indicators for sustainability to 
provide a comprehensive set of city indicators. 

The three ITU standards for smart sustainable cities have 
minor differences in emphasis. ITU 4903 concentrates on assessing 
the sustainable development goals (SDGs), while ITU 4902 focuses 
on sustainability impacts and ITU 4901 on the usage of ICT. 
However, there were no definitions available for the ITU 
indicators and details on how to measure and collect data were 

only provided for ITU 4903, in the KPI manual prepared by United 
4 Smart Sustainable Cities (U4SSC) [5]. 

ETSI indicators were developed by the European Union based 
on an analysis of the requirements of 20 cities. This standard, 
using an existing framework, was tested for feasibility in about 50 
cities. The standard was published in January 2017 with a focus on 
the sustainable digital multi-service city indicators [5]. 

Finally, the SDGs are an international framework established 
in September 2015 with 17 goals, 169 targets, and 230 indicators to 
guide country plans, priorities, and investment to reduce poverty 
and promote development. One of the 17 goals is goal 11: 
Sustainable Cities and Communities, which is an effective fit for 
this study. The goal includes eleven objectives to make cities 
inclusive, safe, resilient, and sustainable [12]. 

2.2. Acceptance Criteria  
Having clear acceptance criteria is important for the selection of 
indicators. The criteria for selecting the indicators were drafted 
from a web search, looking to other experiences in this field. The 
following criteria meet the pilot's strategic goals and the 
intentions of the assessment.  

Table 2: Acceptance criteria for indicators 

CRITERION DESCRIPTION 

Relevance  Each indicator should have a strong link to the 
subthemes of the framework and should have a 
significant importance for the evaluation process. 

Reliability  • The definitions of the indicators should be clear  

• The calculation methods behinds the indicators 
should be specified. 

Guidance on how the indicators are to be applied 

Data availability Data for the indicators should be easily available, or easy 
to collect 

Measurability The indicators should be capable of being measured 
(quantitative, qualitative and descriptive) 

Alignment Alignment of the indicators with the rationale behind 
implementing the smart city pilot and the purpose of the 
assessment 

Comparability The set of indicators should be defined in a way that data 
can be compared between different phases of urban 
development. 

Familiarity The indicators should be easy to understand by the users 

Non- redundancy Indicators within a framework should not measure the 
same aspect of a subtheme. 

2.3. Classification for Indicator Analysis 
Huovila et al. [5] developed a taxonomy for smart city indicators 
that classifies them according to the urban focus, application 
domain, and indicator type. Consequently, this work used the 
taxonomy to identify suitable indicators for the Smart City Pilot. 

2.3.1. Urban Focus  
Urban focus refers to the extent to which an indicator measures 
smartness or sustainability or both [5]. Both sustainability and 
smartness are critical for the pilot. Therefore, indicators were 
selected that addressed both of these goals. 
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2.3.2. Application Domain 
The Smart City Pilot covers three application domains: (1) 
environment (air quality, smart energy management, smart water 
management, and smart waste management), (2) quality of life 
dimension (public transportation, and safety and security), and (3) 
infrastructure (urban mobility). Hence, indicators were selected 
that were related to these application domains. 

2.3.3. Indicator Type 
Finally, the indicators were classified in terms of what they were 
measuring (input, process, output, outcome, and impact). As the 
pilot is in the implementation stage, data is more easily available 
for input, process and output indicators and less likely to be 
available for outcome and impact indicators. A balance of the five 
types of indicators was considered desirable. 

3. METHODS  
First, the seven indicator standards were identified. The 
international indicator standards were considered applicable for 
this pilot due to their wide use and comparability. They were 
anticipated to be adaptable to use in different cities, globally, 
regardless of scale, structure, and stage of implementation.  

Second, the criteria for selecting the most appropriate 
indicators were defined (Table 2). The criteria were chosen after 
an online search and examining other experiences in selecting 
acceptance criteria, considering the needs of ITA and the Smart 
City Pilot. Eight criteria were identified that are considered to be 
important for the evaluation. Each indicator to be selected should 
meet all of these acceptance criteria. 

Third, every indicator was analysed for the three main aspects 
of the pilot, (1) the urban focus, (2) the application domain and (3) 
the indicator type. The indicator taxonomy of Huovila et al. [5] 
was adopted and indicators with an urban focus and application 
domain not aligned with the pilot were excluded. 

Finally, the remaining indicators were scored by assigning one 
point as a score for each acceptance criterion, and a score of eight 
was needed for an indicator to be accepted. Details of analysis and 
scoring, as well as the full list of indicators selected, can be found 
in [14]. 

4. RESULTS 
There were four main findings: 

Out of the seven international standards and 410 indicators, a 
total of 31 indicators were considered suitable for the pilot. The 
primary sources of these indicators are ISO 37122, ISO 37120, 
ETSI, and ITU 4903. The indicators from both ITU 4902 & ITU 4901 
were excluded as they did not meet the acceptance criteria for 
reliability, comparability, and familiarity. For both of these 
standards, there is only a concise description of the definition of 
the indicators, and no clear guidance on the calculation 
methodology and how the indicator should be applied. In addition, 
the UN SDG 11+ indicators were not suitable as the urban focus 
was on sustainability only, and not on smartness. 

 

Table 3: Indicators and standards identified for pilot 

NAME DIMENSIONS NUMBER OF 
INDICATORS 

% OF 
INDICATORS 

ISO 37122 Environment, quality of 
life, and urban mobility 17 55% 

ITU 4903 Environment, quality of 
life, and urban mobility 

8 26% 

ETSI Quality of life & urban 
mobility 

4 13% 

ISO 37120 Quality of life  2 6% 

TOTAL indicators 31 100% 

 
As shown in Table 3, ISO 37122 and ITU 4903 standards were 

more appropriate for the pilot than the other indicator standards. 
Both of these cover all the application domains of the pilot. Out of 
31 indicators identified, 17 are from ISO 37122 standard with 11 
for the environment dimension, 3 for quality of life and 2 for 
infrastructure. ITU 4903 provided 8 indicators relevant to the pilot. 
This standard had indicators for all three of the relevant 
application domains. Two indicators were identified for 
environment, 4 for quality of life, and 2 for infrastructure. 

Table 4: Selected indicators by dimension 

APPLICATION DOMAIN NUMBER OF 
INDICATORS 

% OF 
INDICATORS 

Environment  14 45% 

Quality of life  11 36% 

Infrastructure 6 19% 

 
Most of the indicators identified (45%) cover the environment 

dimension, with fewer (36%) for quality of life, and only 19% for 
urban mobility. This result is satisfying as the pilot project is 
focusing more on the environment. 

The result for the indicator type is less satisfying. Fifty-two 
percent (52%) of the indicators are outcome indicators and 36% are 
output indicators. Only 6% of the selected indicators are impact 
and process indicators and there were no input indicators 
identified. Input and process indicators are valuable for projects 
that are starting out and cities new to smart city development [5], 
so this result does not fulfill the needs of the pilot project. None 
of the indicator sets have input indicator and there are few process 
and impact indicators. There is instead a focus on measuring 
output, outcome and impact indicators because the standards have 
been developed with more developed countries in mind. 

5. RECOMMENDATIONS 
The process described in this report can be replicated by cities 
wanting to identify indicators for their projects. Cities need to 
draw on the taxonomy of Huovila et al. [5] to identify the relevant 
indicators for their needs. 

International standards bodies will serve the needs of 
developing countries and cities starting out on smart, sustainable 
projects better if they include input and process indicators in their 
indicator standards and present a better balance of indicator types. 
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If they continue to present only output, outcome and impact 
indicators they risk having these cities turn to other standards and 
produce less comparable information. 

In the meanwhile, cities in this position should identify their 
own additional indicators. Input indicators measure the quality, 
quantity, or timeliness of resources needed to implement a project. 
Resources might be policies, people, materials or money [13]. 
Suggested input indicators for this project might be: 

 

• Financial support allocated to the pilot 

• Staff allocated to the pilot 

• Existence of strategies, rules and regulations 

 
Process indicators measure the activities that have taken place 

and might include meetings, training courses, distribution of 
smart meters, etc. [13]. Suggested process indicators for this 
project might be: 

 

• Evidence of a consistent planning approval process  

• Number of smart electricity/ water meters distributed 

• Number of air quality monitoring sensors installed 

 
Input and process indicators need to be selected that meet all 

the other criteria applied in this process. 

6. CONCLUSION 
This report developed a set of indicators suitable for the Smart 
City Pilot project being implemented in Knowledge Oasis Muscat 
(KOM) and explained the process of how the indicators were 
chosen. Indicators will help decision-makers to set future targets, 
to improve on the pilot project and will provide a basis for 
decisions on future projects. 

This study set up eight selection criteria for the indicators and 
identified 31 indicators that are aligned with the urban focus and 
application domains of the pilot project. The final selection lacked 
input and process indicators, which are important for new 
projects, so the identified set needs to be supplemented with 
additional indicators to understand how resources are being used 
and what activities are taking place. 

One remaining concern is some uncertainty about data 
availability. This needs to be assessed with the project team. 
Therefore, the study is still on-going, and improvements to the 
indicators list are expected to develop a good assessment 
framework. 

This study provides guidance for other entities to develop 
assessment indicators for their own smart city projects and 
initiatives. The approach described can be followed by others to 
arrive at a set of suitable indicators for smart city projects. 
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