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Abstract 

The challenges of environmental degradation and the complexity of modern-day ecological crises have brought 

into sharp focus the inadequacies of conventional forms of regulation. This is because the more conventional 

forms of regulation that are driven by the need for inspections, reporting, and enforcement are increasingly found 

unable to enforce compliance or respond effectively to environmental violations. This paper seeks to establish 

that digital forms of environmental regulation and smart regulation are revolutionary opportunities that need to be 

leveraged in reconfiguring environmental regulation enforcement along more transparent, efficient, and fair lines. 

In particular, the paper zeroes in on the emerging role of Internet of Things technology, Artificial Intelligence, 

Satellite Remote Sensing Technology, and Real-Time Compliance Technology in enabling proactive 

environmental regulation. In doing this, it also engages with the challenges of integrating such technologies into 

different forms of environmental regulation, including an exploration of issues relating to India. 
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 Introduction 

The regulation of the environment had been the end result of decades’ efforts to reduce pollution, conserve the 

environment, and preserve the well-being of the people. Conventional models of environmental law, based on the 

concept of command and control, self-reporting, and inspection on a periodic basis, have shown tangible progress 

but lack efficacy in enforcement (Singh, et. al., 2025). With the increase in the industrialization process and the 

changes in the environment due to global warming, the system has become overwhelmed to monitor the violation 

on a real-time basis and act accordingly (Divan, et. al., 2021). With the help of digital monitoring and smart 

environmental law, the future looks brighter and more promising. Technologies such as remote sensing, IoT 

environmental sensing, geospatial analysis, and artificial intelligence-based algorithms offer the unique advantage 

of continuous environmental monitoring, automated violation identification, and evidence-based decision-making 

(Mishra et al., 2025). Moreover, the integration of technologies and environmental law faces a multitude of 

challenges related to the concept of admissibility and relevance in the judicial system and issues related to privacy 

and equity in the digital environment (Anowar, et. al., 2025). 

 

Background of the Study 

The pressing concern of rising degradation of the environment, effects of climate change, and industrial pollution 

has highlighted the weaknesses of conventional environmental laws that mostly follow a “command and control” 

regime and thus – to a considerable extent – wait for inspections and subsequent enforcement. In countries like 

India, where development is really moving ahead, there may be weaknesses on the part of enforcement agencies 

due to resource limitations and lack of data as well as delays on their part. At the same time, new developments 

related to information technology, like the IoT, AI, satellite imaging, and real-time monitoring systems, have 

completely changed the face of environment management around the world. This research is centred on exploring 

how there is a need to study making the environment follow “smart regulation.” 
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Conceptualizing Regulatory Enforcement and Digital Monitoring Technologies 

The traditional scope of environmental law is to prevent harm, restore, and regulate resources. Substantive 

provisions exist in laws such as The Environmental (Protection) Act, 1986 and sector laws like Air and Water 

Laws. However, the current enforcement practice, which is based on inspections and self-reporting, lacks 

preventive measures and can only identify violations after extensive harm has been caused (Singh, et. al, 2025). 

Digital monitoring involves a broad range of technologies that gather, analyze, and relay environmental data in 

“real time” or nearly real time, including e.g., Satellite remote sensing is capable of providing geographical 

coverage and periodic updating to monitor deforestation, land use, and water quality (Biber, et. al, 2020); IoT 

sensor networks enable localized, real-time monitoring of ambient air, water, and soil quality, with geotagging 

and cloud-based systems (Mishra et al., 2025; Jiyauddin, 2024); Artificial intelligence and machine learning 

capabilities can analyze difficult data sets and develop predictive models based on patterns of non-compliance, 

improving the predictive capabilities of regulations (Singh, et al., 2025). 

These tools comprise a digital environmental observatory that enables intelligent enforcement and informed 

policy-making practices (Anowar, et. al, 2025). Smart regulation can be described as those methods of regulation 

that are adaptable, risk-centered, data-informed, and cooperative rather than rigid and punishment-oriented. It 

focuses more on adaptive policies, co-regulation, and data-information to modify regulation in a more adaptive 

manner (Singh, et. al, 2025). These types of regulation systems have been widely covered in discussions related 

to governance in general but are becoming more relevant in the field of environment regulation, especially in 

relation to the use of technology that aids precision regulation (Anowar, et. al, 2025). 

 

 Literature Review: 

Recent scholarship has underlined that the new paradigm in environmental governance has emerged through 

digital technologies such as AI, IoT, satellite surveillance, and geo-spatial analytics. Anowar and Das (2025) have 

pointed out that from state-centric satellite systems, there has been a paradigm shift to participatory, citizen-

assisted, transparent, and accountable digital platforms. Similarly, Mishra et al. (2025) highlight the integration 

of Geo-AI, remote sensing, IoT, and digital twins for real-time ecological stewardship, showing how only digital 

systems can allow predictive and preventive environmental regulation. Several works focus on issues of 

compliance and enforcement. Atamewan 2024 shows how AI-enabled compliance monitoring enables real-time 

regulatory enforcement, moving away from delays and discretions in environmental governance. Singh and Singh 

2025 develop this discussion in the context of the Indian legal framework, analyzing the new emerging legal 

frameworks for automated enforcement while raising caution about accountability and due process gaps. 

Jiyauddin 2024 reinforces the relevance of digitalization in India-therein, especially for the purpose of monitoring 

environments and strengthening rights-based environmental governance. 

Divan and Rosencranz (2021) locate these technological advances within India's environmental legal regime, 

where the use of digital evidence and monitoring from regulatory agencies like the Central Pollution Control 

Board is becoming increasingly entrenched. Practical adoption is further reflected in recent policy initiatives and 

media reports, such as the European Commission's initiatives on digital compliance and AI-driven monitoring 

tools launched by Indian institutions, including AI dashboards for the Aravallis, wetland monitoring apps launched 

this year. From a policy and institutional perspective, Biber et al. (2020) provide a political economy framework 

for decarbonization, highlighting the role of digital tools in aligning climate policy with economic incentives.  

There is, thus, a growing convergence between law, technology, and environmental governance. The various 

literatures together point to digitalization as a game-changing force in environmental monitoring, while at the 

same time posing legal and ethical challenges that call for stringent regulatory oversight. 
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Research Gap 

Although the present state of scholarship cohesively illustrates the possible transformation that can be brought by 

digital technologies for environmental monitoring and compliance, it has been noticed that there exists a gap 

within legal and technological mechanisms that enforce these technologies for an enforceable body of 

environmental law. The present state of research studies tends to focus either on technologies or legal perspectives 

independently and have less scope for analysis related to the possible institutional integration of predictive digital 

technologies with defined perspectives of accountability and due process mechanisms. However, there are some 

gaps that exist with regard to formalizing increased digital evidence and enforcement using AI technologies in 

India’s environmental laws. It has been pointed out that India does not have a holistic approach to regulate issues 

related to the admissibility of AI technologies, fairness, as well as transparency with regard to enforcement (Singh, 

et. al, 2025). 

 

Research Objectives 

• To assess the prevailing gaps that exist between the available digital technologies for environment monitoring and 

their legal enforceability within India’s framework of environment regulation. 

• To examine and analyze the difficulties of integrating technological platforms of prediction and prediction-driven 

technology such as AI, with instruments of responsibility and due process. 

• To assess the relevance of the environmental laws in the Indian context with regard to regulating the fairness and 

transparency of use of AI-based proof for environmental compliance. 

 

Methodology: 

 The research is based on secondary and tertiary data sources related to the research problem. For the purpose of 

supporting the analysis, the literature written by different scholars and researchers was studied. Various 

international and national documents, reports etc have taken into consideration; Additionally, articles, research 

studies, and newspaper reports etc have considered in to the work. 

 

Result and Analysis 

Digital Monitoring in Environmental Protection 

Environment governance has for long utilized patchy data and enforcement by hindsight. Digitization has 

completely altered the horizon of regulatory sight with constant, granular observations on the environment. 

Contemporaneous research has shown the importance of combining GeoAI, Remote Sensing, Digital Twin, IoT, 

and more as essential in real-time environment management (Mishra et al., 2025). For example, digital water 

quality monitoring apps that utilize satellite data allow citizens to track wetlands and detect instances of pollution 

close to real time (Times of India, 2025). Also, state programs that utilize AI dashboards to track encroachment 

within forests show the movement toward predictive law enforcement and quick response (Times of India, 2025). 

In addition, technology increases the transparency and involvement of the public through the provision of 

environment data; this is in line with the principles of the Aarhus Convention regarding access to information and 

public participation, as cited in Nodirabonu (“Open data can facilitate public participation by providing access to 

environment data,” 2025). 
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Table 1 

Role of Digital Monitoring Technologies in Environmental Protection and Governance 

Digital Technology / 

Tool 

Area of Environmental 

Monitoring 

Governance 

Function Enabled 

Key Outcomes 

GeoAI and Remote 

Sensing 

Forest cover, wetlands, land-

use change 

Continuous 

environmental 

surveillance and early 

detection 

Near real-time identification 

of environmental 

degradation, illegal 

encroachment, and 

pollution 

Internet of Things 

(IoT) Sensors 

Water quality, air pollution, 

industrial discharge 

Real-time data 

collection and 

automated compliance 

monitoring 

Timely detection of 

violations and reduced 

enforcement lag 

Digital Twin Models Ecosystems and urban–

industrial interfaces 

Predictive modelling 

and scenario-based 

regulatory planning 

Anticipatory governance 

and risk-based regulatory 

decision-making 

AI-based Monitoring 

Dashboards 

Forest encroachment and 

biodiversity protection 

Predictive 

enforcement and rapid 

administrative 

response 

Shift from reactive to 

preventive environmental 

regulation 

Satellite-enabled 

Citizen Monitoring 

Apps 

Wetlands and surface water 

bodies 

Public participation 

and transparency in 

monitoring 

Citizen-assisted detection of 

pollution and enhanced 

accountability 

Open Environmental 

Data Platforms 

Cross-sector environmental 

data access 

Transparency and 

participatory 

environmental 

governance 

Alignment with access-to-

information and public 

participation principles 

Source : Last access on 26/12/2025 (PDF) Environmental monitoring in the digital age: Integrating GeO AI, 

Remote sensing, IoT and digital twins for real-time planetary Stewardship 

 

Smart Regulation as a Tool for Environmental Reform 

Smart regulation goes beyond traditional regulation by using current evidence to enforce and act on. In this regard, 

smart regulation is distinct from traditional inspection regulation in that smart regulation uses modern technology 

to send alerts for enforcement action to be taken to prevent degradation before it occurs (Anowar, et. al, 2025). 

Additionally, smart regulation goes beyond traditional regulation because, through risk profiling, smart regulation 

enables targeted intervention on high-risk commodities (Atamewan, 2024). The concept of regulatory sandboxes, 

which involve testing new ways of digital monitoring and enforcement through controlled experiments, has the 

ability to facilitate innovation and at the same time reduce the uncertainties involved in the regulation (Anowar, 

et. al., 2025). Regulatory sandboxes facilitate the process of working together and developing these mechanisms 

https://www.researchgate.net/publication/396223972_Environmental_monitoring_in_the_digital_age_Integrating_GeO_AI_Remote_sensing_IoT_and_digital_twins_for_real-time_planetary_Stewardship
https://www.researchgate.net/publication/396223972_Environmental_monitoring_in_the_digital_age_Integrating_GeO_AI_Remote_sensing_IoT_and_digital_twins_for_real-time_planetary_Stewardship
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for regulation (Digital Green Laws research, 2025). This is what is being increasingly called for in the various 

writings on the need for the digital transformation of regulation. 

Table 2 

Smart Regulation as a Tool for Environmental Reform 

     
Smart Regulation 

Mechanism 

Key Regulatory 

Feature 

Mode of 

Operation 

Regulatory 

Advantage 

Environmental 

Governance 

Outcome 

Technology-

enabled Smart 

Regulation 

Use of real-time 

evidence and 

digital data 

Continuous 

monitoring with 

automated alerts 

Preventive rather 

than reactive 

enforcement 

Early intervention to 

prevent 

environmental 

degradation 

Predictive 

Enforcement 

Systems 

Risk profiling and 

data-driven 

assessment 

Identification of 

high-risk activities 

and commodities 

Targeted and 

proportionate 

regulatory action 

Efficient allocation 

of enforcement 

resources 

Digital Alert-

based Compliance 

AI- and IoT-

generated alerts 

Immediate 

enforcement 

response before 

violations escalates 

Reduced 

enforcement lag 

Enhanced 

compliance and 

reduced 

environmental harm 

Regulatory 

Sandboxes 

Controlled 

experimental 

regulatory 

environments 

Testing digital 

monitoring and 

enforcement tools 

Encourages 

innovation while 

managing 

regulatory 

uncertainty 

Adaptive and flexible 

environmental 

regulation 

Collaborative 

Regulatory 

Frameworks 

Multi-stakeholder 

participation 

Cooperation 

between regulators, 

technologists, and 

regulated entities 

Co-development of 

regulatory 

mechanisms 

Strengthened 

legitimacy and 

effectiveness of 

digital regulation 

Source: Adapted from Anowar et al. (2025), Atamewan (2024), and Digital Green Laws Research (2025) on 

smart and technology-driven environmental regulation. 

 

Legal Framework and Institutional Mechanisms 

 The international organizations and frameworks are increasingly taking steps towards digital governance of 

environmental compliance. UNEP and OECD have identified the potential role of digital technology in promoting 

environmental reporting through digital technology (European Commission, 2021). Even though there are no 

comprehensive legal frameworks available yet, there are increasing expectations surrounding issues of integrity 

and privacy in digital technology (Anowar, et. al, 2025). 
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 Domestic Laws and Policies 

Environment (Protection) Act, 1986, Umbrella legislation empowering central government for environment 

standards regulation, compliance, and expansion. Water (Prevention and Control of Pollution) Act, 1974, 

Imposes regulatory surveillance and consent-based control of pollution, enabling real-time emissions and effluent 

management tracking through CPCB/SPCBs. Air (Prevention and Control of Pollution) Act, 1981, Enables 

continuous air surveillance and compliance through CPCB/SPCBs - a starting point for digital air quality 

information systems. National Green Tribunal Act, 2010, Establishes National Green Tribunal for faster dispute 

resolution in environment - enhancing smart regulations through judicial mandate. National Data Sharing and 

Accessibility Policy (NDSAP), 2012, Government data open and machine-readable - enabling transparency and 

accessibility of environment information for regulators, researchers, and citizens. Public Data Management Policy 

- enabling transparency through digital formats. Digital Personal Data Protection Act, 2023, Governing personal 

data processing within digital spaces - relevant for environment surveillance systems processing location-based 

personal information through privacy compliance. 

 

Case Studies & Empirical Illustrations 

There are practical examples emerging in India. For instance, the Maharashtra initiative for the use of an 

environment information assistant that is AI-based seeks to fill the gap between the interpretation and regulation 

process and makes adequate provisions for stakeholders for easier interpretation (Times of India, 2025). Similarly, 

the use of AI for the development of forest range violation surveillance systems through the help of high-resolution 

images indicates the use of AI for the interpretation process (Times of India, 2025). 

The satellite monitoring systems for water quality in wetlands developed by academic institutions are just one 

example where technology can empower local, non-government, or government bodies with near-real-time 

information to perform early warnings and quick actions (Times of India, 2025). The case studies illustrated how 

technology improves enforcement, engagement, and responsiveness, but it can also be noted that there may be 

some challenges in terms of institutional capabilities. 

 

 Conclusions and Suggestions 

The challenges posed by environmental degradation can be overcome at a new level by digital surveillance and 

smart regulation. The opportunity is unprecedented for a more effective management system to be put in place. 

Digital technology has the potential for a shift in the current enforcement system from a largely remedial approach 

to a pro-active role. Digital technology can bring about greater accountability. It is necessary that this potential is 

handled carefully with a new focus on rights-based and inclusive governance. The transition is taking place at a 

time when innovation is required in policy formulation at the same time. 

In order to properly implement environmental law reform through online monitoring and intelligent regulation, 

the following are proposed: 

• Legal Integration of Digital Evidence: The standards for admissibility, error tolerance, and auditing processes for 

digital evidence. 

• Data Governance Frameworks: Establish strong policies on protecting your data that incorporate aspects related 

to transparency and privacy. 

• Enhanced capacity building of regulators, judiciary, and CSOs in technology skills to enable them to utilize 

technology correctly. 

• Platform for the Public: Build publicly available, interoperable platforms for the exchange and analysis of 

environmental data. 
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• Inclusive Practices: Mitigate the issue of the digital divide by focusing on the needs of rural and underserved 

areas. 
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