International Journal of Environmental Sciences
ISSN: 2229-7359
Vol. 11 No. 6S, 2025

https://www.theaspd.com/ijes.php

Environmental Performance Indicators for Smart City Governance

Avyesha Bano Khan', Shailesh Singh Thakur?, Dr. S.S. Khullar’

'Assistant Professor, Department of Pharmacy, Kalinga University, Raipur, India.
?Assistant Professor, Department of Mechanical, Kalinga University, Raipur, India.
ku.shaileshsinghthakur@kalingauniversity.ac.in

*Associate Professor, New Delhi Institute of Management, New Delhi, India., E-mail:
ss.khullar@ndimdelhi.org, https://orcid.org/0009-0008-2018-1342

Abstract

This paper explores the importance of environmental performance indicators (EPIs) in the effective
governance of smart cities. It seeks to suggest and create a framework of EPIs which can aid in sustainable
urban development, enhance decision-making, and facilitate performance evaluation in technologically
advanced urban ecosystems. This approach systematically describes a smart city analytics framework composed
of the hypothetical optimal smart city structure. It describes a systematic strategy for indicator selection based
on data, availability, measurability, relevance to policy goals in the context of smart cities. Urban
environmental management and control, benchmarking, and comparative analysis, and policy change are
enhanced through the refined EPIs within the urban smart city infrastructure. This research underscores the
data governance paradigm in the realization of urban sustainability.
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1. INTRODUCTION

The idea of the “smart city” has gained popularity around the worlds as a new model for urban
development based on sophisticated technologies and their systems with the goal automated urban
infrastructural functions systems to improve operational efficiency, environmental sustainability, and the
quality of life [1]. A smart city, in its essence, utilizes ICTs, the [oT, and data analytics for public service and
resource management optimization and economic stimulation. Despite the attention given to the
technological advancements of smart cities, these cities can only be considered successful if they solve some
of the most challenging environmental issues and achieve real sustainability. Cities are a major source of
global environmental destruction. They are a large-scale consumer of energy, a large waste producer, and
suffer from acute air pollution, water scarcity, and habitat destruction [2]. Therefore, smart city projects must
incorporate technology with comprehensive measures for the protection of the environment. Effective
environmental governance within a smart city requires more than the use of green technologies; it requires
the ability to accurately assess, monitor, and manage eco-efficiency in an integrated way. This is where
Environmental Performance Indicators (EPIs) become indispensable. EPIs are quantitative information
procedures that give EPIs relevant data from the environment, policies, and conditions within the city
operations. They perform critical functions for evaluating progress toward sustainability objectives,
pinpointing areas for improvement, making policy decisions, and conveying performance to stakeholders. In
the absence of defined and detailed EPIs, the environmental initiatives of smart cities would risk becoming
largely anecdotal or lacking in quantifiable impact, which would paralyze accountability and hinder optimal
resource allocation [3].

The defining feature of the smart city concept is the ability to collect vast volumes of real-time data via sensors,
smart meters, traffic cameras, and a multitude of other devices within the system. This information flood
opens a new possibility for the creation of far more sophisticated, dynamic, and accurate EPIs (Environmental
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Performance Indicators) than anything developed before. Most traditional environmental monitoring systems
work with periodic aggregate data which is often slow to collect and, in many cases, misses rapid changes or
localized impacts [4]. The infrastructure of a smart city can gather environmental data streams continuously,
offering real-time assessment of air quality, energy consumption, waste generation and water usage, traffic
emissions, and many other metrics [5]. The goal of this paper is to examine the use of EPIs for smart city
governance with emphasis on the strategy and Innovation. The analysis will focus on indicators of urban
environmental sustainability, with an emphasis on their measurability, data sources, ownership, and policy
ramifications. The analysis will center on the issue of how data-driven EPIs can go beyond a reporting function
to become powerful tools for responsive and adaptive urban governance [6]. These include cross-city
comparisons, benchmarking, and prediction of environmental risks, and engagement of citizens in
sustainability initiatives. With the use of sophisticated data technologies, smart cities can achieve true
environmental targets and move beyond mere technological novelty by integrating them with a
comprehensive indicator structure. This integration will create sustainable urban centers of the future.

2. LITERATURE SURVEY

The integration of indicators in the performance measurement system is gaining attention as the
interface between smart city technology innovation and ecological sustainability is becoming well researched.
The early debate on smart cities focused on the technological and economic frameworks, often sidelining the
environmental dimension. Fortunately, recent literature, starting from the 2000s, displays an increasing
acknowledgment that true “smartness” incorporates sustainability where environmental performance emerges
as one of the pillars. This illustrates the widespread adoption of smart city frameworks that already have
explicitly incorporated environmental components [7]. Environmental monitoring in urban settings grew out
of the need to study the environment, and for a long time, was dominated by the use of disintegrated statistical
data from different places which led to retrospective indicators that have a lot of lag time and are so coarse
that they cannot be acted upon in real time. Scholars criticized these traditional indicators on the basis of
data stagnation and lags, standardized methodologies in diverse metropolises, slow changing environments,
and non-changing data capture streams. The landscape in the 2010s saw the introduction of big data, internet
of things (IoT), and their ubiquitous sensing technologies which brought hopes of developing these lagging
and static environment performance indicators. During this time, studies started looking at how data from
smart grids, intelligent transportation systems, waste management sensors, and air quality monitors could
provide streaming insight into a city’s environmental footprint. One of the more pressing issues in modern
literature is the difficulty of choosing and systematizing EPIs for smart cities. There are many frameworks and
indicator lists, such as ISO 37120 and the SDGs, but their effectiveness and relevance differ across urban
settings.

As an efficient EPI, its design has to address policy objectives, use available data for measurement, be clear to
diverse audiences, and facilitate informed action. It is also shown that indicators are arranged in a hierarchy
and are usually classified as input, output, outcome, and impact indicators, serving varying monitoring and
evaluation functions. Literature seems to particularly emphasize the shift toward outcome and impact
indicators for a definitive sustainability assessment, that is, documenting actual environmental enhancements
instead of capture activities or outputs. Also noticeable is a gap in literature on the governance consequences
of data-driven EPIs. The existence of real-time environmental information opens the door to more proactive
and responsible urban governance, enabling city managers to detect environmental hotspots, anticipate
pollution events, and implement preemptive targeted measures. On the contrary, this also raises fundamental
concerns on data accuracy, privacy, the inclusion of various data sets, as well as the automated analytical
requirements of city administrations. Other studies emphasize that the environmental monitoring system
should include citizens, providing them with the means to help sustain the city while being accountable
through crowdsourced data and user-friendly environmental dashboards.
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3. METHODOLOGY
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Figure 1. System Architecture for Environmental Performance Indicator (EPI) Integration in Smart City
Governance

The developing and integrating smart city governance Environmental Performance Indicators (EPIs)
revolves around a specific smart urban environment's data-driven approach which incorporates pervasive
sensing and data-analytics (see Figure 1). The system design regarding the integration of Environmental
Performance Indicator (EPI) to smart city governance follows a comprehensive five-phase methodology which
considers the environmental data as strategic governance tools. The first phase starts with the Governance
Tool Indicator Identification and Definition. This stage encompasses the critical gathering of EPIs through
stakeholder consultations, reviewing global instruments such as ISO 37120 and UN SDG 11, ensuring
alighment with local context, and grouping them into major air quality, water management and
transportation emissions domains. In Data Acquisition and Integration, the smart city’s [oT sensors, smart
meters, and monitoring systems form a flexibly centralized data hub where real-time and historical
environmental data is aggregated, cleansed, standardized, and centralized concerning cross-departmental
collaborative data exchange via APIs. The next step Data Analytics and Visualization reinterprets the gathered
data into EPI automated calculations, forecasting models, predictive analytics, stakeholder-specific interactive
dashboards, and breaching threshold alerting systems. These insights are incorporated within the Policy
Feedback and Governance Integration phase where EPIs steer performance measurement, evidence-based
policy-making, adaptive management, and public reporting aimed to build trust and foster civic engagement.
Finally, Measuring and Evaluation maintains ongoing refinement by assessing the relevance, precision, and
practicality of the EPI framework, regularly recalibrating it in alignment with changing prioritization of
ecosystems, technologies, and data systems. Such integration shifts the perception of EPIs from being mere
metrics to vital tools for integrated governance of smart sustainable cities.
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4. RESULT AND DISCUSSION

A properly constructed EPI framework, using smart city data, greatly strengthens urban
environmental governance and sustainable development outcomes. Hypothetical analysis of this framework
shows the change from reactionary environmental management strategies to proactive, decision-based policies
grounded on empirical data.

4.1 Performance Evaluation:

The implemented framework shows real time and in-depth analytical assessment of a city's
environment. For example, Smart sensors that measure PM2.5 and NO2, combined with traffic data, analysis
not only identifies but also predicts where and when pollution is likely to occur to allow for proactive measures
like traffic rerouting or increased use of public transport. This granularity surpasses data gathered in quarterly
or annual reports. Moreover, the sensors integrated in the waste management system improve the
optimization of collection route trimming fuel consumption and emissions, while providing accurate data for
diversion rate calculations. Systems capable of automating critical environmental alert notifications, such as
flood risks based on water levels and rainfall along with precipitation intensity, significantly fosters agile
emergency response improving urban resilience. The system is driven by intelligence issued by the system,
thus enabling reduction of response time for taking action towards incidents and policy structured on
concrete evidence in form data and information system or frameworks.

Table 1 illustrates the specific advantages that arise from implementing an effective EPI framework in smart
city governance. The modeled enhanced air quality, reduction of water leakage, and diversion of waste
underscore the role of systematic monitoring and focused action in achieving environmental benefits.
Enhanced utilization of public transport indicates the degree to which transportation EPIs (e.g., congestion
levels in real time, scheduled arrivals of buses) can guide policy and infrastructure decisions that support more
sustainable travel.

Table 1: Environmental Performance Improvement Metrics

Indicator Category | Baseline (Traditional | Smart City EPI Framework | %
Monitoring) (Hypothetical) Improvement

Air Quality | Avg. 35 pg/m3 (Annual) Avg. 28 pg/m? (Annual) 20%

(PM2.5)

Water Leakage | 25% of supply (Est.) 15% of supply (Real-time) 40%

Rate

Waste  Diversion | 30% 45% 50%

Rate

Public Transport | 30% of total trips 45% of total trips 50%

Usage

Figure 2 visually reaffirms the benefits observed by demonstrating a significant reduction in average PM2.5
levels after the implementation of an EPI. This imagined outcome reinforces the value of monitoring and
management strategies facilitated by an integrated EPI system. The conclusions drawn from these results are
paramount: successful governance of the environment in a smart city must go beyond the use of technology;
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it requires the intelligent gathering, processing, and action-based evaluation of environmental performance

metrics for refinement toward defined indicators of sustainable performance and multi- dimensional
continuous improvement.
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Figure 2. Reduction in Air Pollution Levels (PM2.5) After EPI Implementation
5. CONCLUSION

The governance of smart cities hinges significantly on measurement of urban sustainability through
Environmental Performance Indicators (EPIs). This paper illustrates the shift enabled by smart city data and
analytics from reactive paradigms to proactive paradigms in urban environmental management through a
well-designed framework of EPIs. The conclusions drawn reinforce the notion that integrated sensor networks
provide real-time granular data which enables precise interventions, robust benchmarking, and evidence-
based policy. Future lines of research could focus on creating context-independent standardized global EPI
frameworks for diverse urban settings, addressing the pervasive ethics of collecting environmental data, and
integrating citizen science to improve data from urban environments and enhance community participation
in environmental stewardship.
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