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Abstract 

Environmental degradation, habitat fragmentation, pollution, illegal land-use activities, and increasing 
anthropogenic pressure have created significant challenges for effective animal habitat protection and 
environmental law enforcement. Conventional monitoring mechanisms based on field inspections, periodic 
surveys, and manual reporting often face limitations in geographical coverage, monitoring frequency, and timely 
identification of ecological violations. This research proposes an integrated digital framework for strengthening 
environmental governance through the application of Artificial Intelligence (AI), Internet of Things (IoT), remote 
sensing, Geographic Information Systems (GIS), drone-based monitoring, and digital compliance mechanisms. 
The proposed framework follows a systematic process involving environmental and habitat data acquisition, 
preprocessing and integration, AI-based ecological change detection, GIS-based spatial assessment, ecological 
risk analysis, legal compliance assessment, human verification, and environmental decision support. It facilitates 
the identification of potential ecological violations such as unauthorized deforestation, habitat encroachment, 
water pollution, illegal waste dumping, habitat fragmentation, unauthorized construction, and alteration of 
environmentally sensitive areas. AI supports automated pattern recognition, anomaly detection, classification, and 
risk prioritization, while GIS and remote sensing provide spatial and temporal evidence of environmental changes. 
The framework emphasizes a human-in-the-loop approach in which digitally detected events are treated as 
indicators requiring regulatory verification rather than automatic determinations of legal liability. The analysis 
highlights the potential of integrated digital technologies to improve continuous habitat surveillance, early 
violation detection, regulatory responsiveness, and evidence-based environmental decision-making. The 
framework provides a foundation for developing transparent, responsible, and technology-supported mechanisms 
for sustainable habitat conservation and environmental law enforcement. 

Keywords: Environmental Law, Artificial Intelligence, Animal Habitat Monitoring, Ecological Violations, 
Internet of Things, Remote Sensing, Geographic Information Systems, Digital Environmental Governance. 



Journal of Animal Environment, Vol. 18, No. 4s, Spring 2026 

498 

1. Introduction 

Environmental degradation, habitat fragmentation, 
illegal land-use activities, deforestation, pollution, 
and uncontrolled exploitation of natural resources 
have become significant threats to animal habitats 
and ecological sustainability. Environmental laws 
and regulatory mechanisms are intended to protect 
ecosystems, conserve biodiversity, regulate human 
activities, and ensure responsible utilization of 
environmental resources. However, effective 
enforcement of these laws depends heavily on the 
availability of accurate, timely, and verifiable 
information regarding environmental conditions and 
ecological violations. Conventional monitoring 
approaches based primarily on field inspections, 
manual reporting, and periodic surveys often have 
limitations in terms of geographical coverage, 
monitoring frequency, response time, and 
availability of continuous evidence [1]. 

Recent advances in digital technologies provide 
opportunities to strengthen environmental 
monitoring and regulatory enforcement. Artificial 
Intelligence (AI), Internet of Things (IoT), remote 
sensing, Geographic Information Systems (GIS), 
unmanned aerial systems, cloud computing, and data 
analytics can facilitate continuous observation of 
environmentally sensitive regions [2]. These 
technologies can collect and analyse large volumes 
of spatial, temporal, environmental, and ecological 
data to identify changes in animal habitats and detect 
activities that may violate environmental 
regulations. Digital monitoring can therefore 
complement conventional regulatory mechanisms 
by providing data-driven evidence for 
environmental assessment, compliance verification, 
and enforcement decisions. 

1.1 Background and Motivation 

Animal habitats are continuously influenced by both 
natural processes and anthropogenic activities. 
Urban expansion, industrial development, 
agricultural intensification, mining, infrastructure 
construction, deforestation, waste disposal, and 
water pollution can alter habitat characteristics and 
affect the availability of food, water, shelter, and 
breeding areas for wildlife. Detecting these changes 
at an early stage is essential for preventing 
irreversible ecological damage. Traditional 
environmental monitoring generally relies on 
physical inspections, ecological surveys, laboratory 
analysis, and reports submitted by responsible 
authorities or stakeholders. Although these methods 
remain important, they may not provide continuous 
information across large and geographically 
inaccessible areas. Satellite imagery, environmental 
sensors, camera-based monitoring, drones, and other 

digital data sources can provide more frequent 
observations of environmental conditions. 
Integration of these data sources with AI and 
geospatial analytics enables automatic identification 
of unusual environmental changes and potentially 
harmful activities [3]. 

The motivation for adopting digital technologies in 
environmental law therefore extends beyond 
environmental observation. Digital systems can 
potentially establish stronger connections between 
environmental conditions, detected ecological 
changes, regulatory requirements, and enforcement 
actions. Such integration can support authorities in 
prioritizing inspections, identifying high-risk 
locations, maintaining digital records, and making 
evidence-based regulatory decisions. 

1.2 Environmental Law and Animal Habitat 
Protection 

Environmental law establishes legal mechanisms for 
protecting natural resources, biodiversity, wildlife, 
forests, water bodies, and ecologically sensitive 
areas. Regulatory provisions may restrict activities 
such as illegal deforestation, unauthorized 
construction, habitat encroachment, industrial 
discharge, waste dumping, poaching-related 
activities, and environmentally harmful land-use 
changes. Habitat protection is particularly important 
because degradation of ecological areas can directly 
affect wildlife populations and disrupt ecosystem 
functions [4]. Effective implementation of 
environmental law requires mechanisms capable of 
determining whether regulated activities comply 
with prescribed environmental standards and 
restrictions. In conventional systems, regulatory 
agencies generally depend on inspections, 
environmental impact assessments, monitoring 
reports, complaints, and administrative 
documentation. The increasing scale and complexity 
of environmental activities make continuous manual 
monitoring difficult. 

Digital environmental monitoring can strengthen 
this process by providing spatially and temporally 
referenced evidence. For example, satellite imagery 
can identify changes in forest cover or land use, GIS 
can determine whether an activity occurs within a 
protected or restricted zone, and environmental 
sensors can identify abnormal changes in air, water, 
soil, or habitat conditions. Such information can 
assist regulatory authorities in determining where 
further investigation or enforcement may be 
required. 
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1.3 Role of Technological Innovation in 
Environmental Governance 

Technological innovation is gradually transforming 
environmental governance from predominantly 
reactive monitoring toward continuous and data-
driven assessment. IoT sensors can continuously 
measure environmental variables, while remote 
sensing provides large-scale observations of land 
cover, vegetation, water resources, and habitat 
changes. GIS enables these observations to be 
associated with protected areas, administrative 
boundaries, ecological zones, and regulated 
development regions. 

AI and machine learning further enhance monitoring 
by automatically analysing large environmental 
datasets. Classification models can categorize land-
use or habitat conditions, while anomaly-detection 
techniques can identify unusual environmental 
events. Computer vision can analyse satellite, drone, 
or camera imagery to identify vegetation loss, 
construction activities, waste accumulation, or other 
visible ecological disturbances. Predictive models 
can additionally estimate areas that may face 
increased risk of habitat degradation or 
environmental violations [5]. The integration of 
these technologies can support a digital 
environmental governance system in which 
environmental observations are converted into 
actionable regulatory information. However, 
technological outputs should support rather than 
independently replace legal and administrative 
judgment. Human review remains necessary for 
interpreting detected events, establishing legal 
relevance, validating evidence, and determining 
appropriate enforcement measures. 

1.4 Research Problem and Objectives 

Despite advances in environmental sensing and 
digital analytics, technological monitoring systems 
and environmental regulatory processes are 
frequently treated as separate domains. 
Environmental monitoring platforms may 
successfully detect ecological changes but may not 
systematically associate these observations with 
legal requirements. Similarly, regulatory 
mechanisms may lack continuous digital evidence 
needed for timely identification and assessment of 
violations. This creates a need for an integrated 
framework connecting environmental data 
acquisition, intelligent analysis, spatial assessment, 
legal compliance evaluation, and regulatory decision 
support. 

Accordingly, this research proposes a digital 
framework for monitoring animal habitats and 
identifying potential ecological violations. The 

framework integrates IoT-based environmental 
observations, remote sensing, GIS, AI-based 
analytics, and digital compliance assessment to 
support environmental law enforcement and 
ecological governance [6]. The principal objectives 
of the research are to examine the role of 
technological innovation in environmental law and 
habitat protection; investigate digital technologies 
suitable for continuous ecological monitoring; 
develop an integrated framework for detecting 
habitat changes and potential environmental 
violations; incorporate spatial and regulatory 
information for compliance assessment; and 
evaluate the legal, ethical, privacy, evidentiary, and 
implementation challenges associated with 
technology-assisted environmental governance. 

The proposed approach establishes a conceptual 
relationship between digital environmental 
monitoring and environmental law enforcement, 
enabling environmental authorities to move from 
isolated observations toward integrated, evidence-
based ecological compliance assessment. 

2. Literature Review  

The increasing complexity of environmental 
degradation has encouraged the integration of 
technological solutions with environmental 
regulation and ecological governance. Traditional 
environmental protection mechanisms primarily 
depend on legal provisions, regulatory inspections, 
environmental impact assessments, field surveys, 
and administrative reporting. Although these 
mechanisms provide an essential legal foundation, 
they may have limitations in continuously 
monitoring large geographical regions and rapidly 
identifying habitat degradation or ecological 
violations. Recent developments in Artificial 
Intelligence (AI), Internet of Things (IoT), remote 
sensing, Geographic Information Systems (GIS), 
drones, and digital data platforms have introduced 
new possibilities for continuous and evidence-
oriented environmental monitoring. 

2.1 Environmental Laws for Animal Habitat and 
Ecosystem Protection 

Environmental law provides the regulatory 
foundation for conserving ecosystems, protecting 
wildlife habitats, controlling pollution, and 
regulating activities that may adversely affect 
natural resources. Legal mechanisms commonly 
address forest conservation, wildlife protection, 
environmental pollution, land-use modification, 
industrial development, waste disposal, and 
activities within environmentally sensitive regions. 
These regulations are intended to balance economic 
and developmental activities with ecological 
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sustainability. Animal habitat protection is 
particularly important because changes in 
vegetation, water availability, land cover, 
environmental quality, and human activity can 
directly influence wildlife populations. Habitat 
fragmentation resulting from roads, settlements, 
industries, agriculture, and infrastructure 
development can reduce ecological connectivity and 
increase environmental stress [7]. The effectiveness 
of environmental regulation, however, depends on 
reliable information regarding the location, scale, 
duration, and environmental consequences of 
potentially harmful activities. Regulatory authorities 
therefore require monitoring mechanisms capable of 
generating timely and spatially referenced 
environmental evidence. Digital technologies can 
strengthen this capability by continuously collecting 
ecological information and identifying 
environmental changes requiring further legal or 
administrative investigation [8]. 

2.2 Conventional Approaches to Ecological 
Monitoring and Compliance 

Conventional ecological monitoring involves field 
surveys, manual inspections, biodiversity 
assessments, laboratory testing, environmental 
audits, and reports submitted by industries or 
responsible agencies. These approaches remain 
valuable because expert observations and laboratory 
measurements can provide detailed and 
scientifically validated information regarding 
environmental conditions [9]. However, 
conventional monitoring may become resource-
intensive when applied across large forests, wildlife 
corridors, wetlands, coastal ecosystems, and other 
geographically dispersed areas. Periodic inspections 
may also create temporal gaps during which illegal 
or environmentally harmful activities remain 
undetected. Remote or inaccessible areas further 
increase the difficulty of frequent physical 
monitoring. Environmental compliance assessment 
traditionally follows a reactive approach in which 
inspections or investigations may occur after 
complaints, reported incidents, or visible 
environmental damage [10]. The availability of 
continuous digital monitoring can complement these 
methods by providing early indicators of unusual 
ecological changes. Digital systems can therefore 
help authorities identify locations requiring detailed 
physical investigation rather than replacing field-
based regulatory processes. 

2.3 Digital Technologies in Environmental 
Monitoring 

Digital technologies have substantially expanded the 
scale and frequency at which ecological conditions 
can be observed. IoT-based environmental sensors 

can continuously record parameters such as 
temperature, humidity, air quality, water quality, soil 
moisture, noise, and other environmental indicators. 
Sensor networks deployed across ecologically 
sensitive locations can generate time-series 
information useful for detecting gradual 
deterioration and sudden environmental 
disturbances. Remote sensing provides another 
important source of environmental information [11]. 
Satellite imagery enables repeated observation of 
vegetation cover, forest loss, surface water, land-use 
changes, habitat fragmentation, and urban 
expansion. Multi-temporal satellite images can be 
compared to identify ecological changes occurring 
over different periods. 

GIS provides the spatial foundation required to 
integrate these observations. Environmental 
measurements, satellite-derived indicators, 
protected-area boundaries, wildlife corridors, 
industrial locations, infrastructure networks, and 
land-use information can be represented as spatial 
layers. This integration allows authorities to 
determine whether detected environmental changes 
occur within or near legally protected and 
environmentally sensitive locations. Drone-based 
monitoring can further provide high-resolution 
observations for specific areas where satellite 
imagery may be insufficient [12]. Collectively, these 
technologies create a multi-source environmental 
information environment capable of supporting 
continuous ecological surveillance. 

2.4 AI, IoT, Remote Sensing, and GIS for Habitat 
Surveillance 

AI provides analytical capabilities for transforming 
large volumes of environmental observations into 
meaningful indicators. Machine learning algorithms 
can identify relationships between environmental 
variables and classify ecological conditions into 
different categories. Deep learning and computer 
vision techniques can analyse satellite and drone 
imagery to identify land-cover changes, vegetation 
loss, unauthorized structures, waste accumulation, 
and other visually observable disturbances [13]. IoT 
contributes real-time environmental measurements, 
while remote sensing provides broader spatial 
coverage. GIS integrates these heterogeneous 
observations according to geographical location. 
When combined, these technologies can establish a 
comprehensive habitat-monitoring mechanism 
capable of examining both environmental conditions 
and spatial changes. 

For example, a significant decrease in vegetation 
identified through satellite imagery may initially be 
treated as an ecological anomaly. GIS analysis can 
determine whether the affected location overlaps 
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with a protected habitat or restricted development 
zone [14]. Historical imagery can establish when the 
change occurred, while available sensor information 
may indicate associated environmental impacts. AI-
based classification can subsequently assist in 
assigning an environmental risk level. The 
combined information can then be forwarded to 
regulatory authorities for verification and legal 
assessment [15]. 

2.5 Comparative Analysis of Environmental 
Monitoring Technologies 

Different digital technologies provide 
complementary capabilities rather than functioning 
as independent alternatives. Table 1 presents an 
analysis of major technologies applicable to animal 
habitat monitoring and ecological compliance. 

Table 1. Comparative Analysis of Digital 
Technologies for Habitat Monitoring and Ecological 
Compliance 

Techn
ology 

Primar
y 
Monito
ring 
Functi
on 

Enviro
nmenta
l 
Applica
tion 

Role in 
Violati
on 
Detecti
on 

Major 
Limitat
ion 

IoT 
Sensor
s [7][8] 

Contin
uous 
enviro
nmenta
l 
measur
ements 

Air, 
water, 
soil, 
temper
ature, 
humidit
y, and 
noise 
monitor
ing 

Detects 
abnor
mal 
enviro
nmenta
l 
conditi
ons 
and 
thresho
ld 
violati
ons 

Limited 
geogra
phical 
coverag
e and 
sensor 
mainte
nance 

Remot
e 
Sensin
g 
[9][10] 

Large-
scale 
Earth 
observ
ation 

Forest 
cover, 
vegetati
on, 
wetland
s, water 
bodies, 
and 
land-
use 
monitor
ing 

Identifi
es 
defores
tation, 
encroa
chment
, 
habitat 
loss, 
and 
land-
cover 
change 

Resolut
ion, 
cloud 
cover, 
and 
revisit 
limitati
ons 

GIS 
[11] 

Spatial 
integra
tion 
and 

Mappin
g 
habitats
, 

Determ
ines 
spatial 
overlap 

Depend
s on 
accurat
e and 

analysi
s 

protect
ed 
areas, 
ecologi
cal 
zones, 
and 
human 
activiti
es 

betwee
n 
detecte
d 
activiti
es and 
regulat
ed 
areas 

updated 
spatial 
datasets 

Artifici
al 
Intellig
ence 
[12] 

Autom
ated 
pattern 
recogn
ition 
and 
predict
ion 

Classifi
cation, 
anomal
y 
detectio
n, 
change 
detectio
n, and 
risk 
predicti
on 

Identifi
es 
suspici
ous 
ecologi
cal 
change
s and 
prioriti
zes 
high-
risk 
events 

Model 
bias, 
explain
ability, 
and 
data 
depend
ency 

Drones
/UAVs 
[13][1
4] 

High-
resolut
ion 
local 
surveil
lance 

Forest, 
wetland
, 
wildlife 
corrido
r, and 
inacces
sible-
area 
monitor
ing 

Provid
es 
detaile
d 
visual 
eviden
ce of 
localiz
ed 
disturb
ances 

Regulat
ory, 
operati
onal, 
and 
privacy 
constrai
nts 

Digital 
Compl
iance 
Platfor
ms 
[15] 

Integra
tion of 
monito
ring 
and 
regulat
ory 
inform
ation 

Enviro
nmenta
l 
reportin
g, 
docume
ntation, 
alerts, 
and 
case 
manage
ment 

Links 
detecte
d 
events 
with 
compli
ance 
require
ments 

Interop
erabilit
y and 
legal 
accepta
nce of 
digital 
evidenc
e 

The analysis demonstrates that no individual 
technology can independently satisfy all 
requirements of environmental monitoring and 
regulatory enforcement. IoT provides continuous 
measurements but has limited spatial coverage, 
whereas remote sensing offers broad geographical 
observations but may not provide continuous local 
measurements [16]. GIS provides spatial 
interpretation but depends on information generated 
by other monitoring systems. AI improves 
automated analysis but requires reliable datasets and 
appropriate validation. 
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2.6 Research Gaps and Need for an Integrated 
Digital Framework 

Existing environmental monitoring approaches 
demonstrate significant technological progress; 
however, several gaps remain in connecting 
environmental intelligence with regulatory decision-
making. Many systems primarily focus on 
ecological observation, environmental parameter 
prediction, land-cover classification, or habitat 
mapping without explicitly incorporating 
environmental legal requirements into the analytical 
process. 

Another significant limitation is the fragmented use 
of technologies. Sensor-based systems may operate 
independently from satellite monitoring platforms, 
while GIS databases and regulatory records may 
exist within separate institutional systems. Such 
fragmentation limits the ability to establish a 
complete sequence from environmental observation 
to violation identification and regulatory response. 

The legal interpretation of digitally detected events 
also remains an important challenge. An 
environmental anomaly identified by AI does not 
automatically constitute a legal violation. Its 
regulatory significance depends on factors such as 
geographical jurisdiction, applicable environmental 
regulations, permitted activities, environmental 
thresholds, authorization status, and supporting 
evidence. Therefore, technological detection should 
be followed by structured compliance assessment 
and appropriate human review. 

Issues related to data quality, AI explainability, 
privacy, surveillance, interoperability, 
cybersecurity, evidentiary reliability, and 
accountability further influence the adoption of 
digital technologies in environmental governance. 
These challenges demonstrate the need for a 
framework in which technological outputs remain 
transparent, traceable, and subject to regulatory 
verification. 

3. Proposed Digital Framework for 
Environmental Law Enforcement 

The proposed digital framework integrates 
environmental monitoring technologies with 
regulatory compliance mechanisms to support 
systematic monitoring of animal habitats and 
identification of potential ecological violations. The 
framework combines Internet of Things (IoT) 
sensors, remote sensing, Geographic Information 
Systems (GIS), Artificial Intelligence (AI), and 
digital legal-compliance mechanisms within a 
unified decision-support environment. Its primary 
purpose is to transform heterogeneous 

environmental observations into structured 
information that can assist regulatory authorities in 
detecting habitat disturbances, identifying 
potentially unlawful activities, assessing ecological 
risks, and prioritizing cases for further investigation. 

The overall processing sequence of the proposed 
framework can be represented as: 

 

Figure 1. Proposed Digital Framework for 
Environmental Monitoring and Ecological 
Compliance Assessment 

3.1 Architecture of the Proposed Digital Framework 

The proposed framework follows a multi-stage 
architecture in which environmental observations 
are progressively transformed into ecological and 
regulatory information. The first stage collects 
heterogeneous data from environmental sensors, 
satellite imagery, drones, habitat databases, 
meteorological sources, and available regulatory 
records. These data are processed to remove 
inconsistencies, standardize measurements, and 
establish common spatial and temporal references. 
The processed information is subsequently analysed 
using AI and geospatial techniques. AI models 
identify abnormal environmental patterns and 
significant habitat changes, whereas GIS determines 
the spatial relationship between detected changes 
and protected forests, wildlife habitats, ecological 
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corridors, wetlands, water bodies, industrial zones, 
and other environmentally regulated regions. 

The ecological risk associated with each detected 
event is then evaluated based on its magnitude, 
location, duration, affected environmental 
resources, and potential consequences. Relevant 
regulatory conditions can subsequently be 
considered to determine whether the event 
represents normal environmental variation, an 
authorized activity, or a potential ecological 
violation requiring investigation. Human 
verification remains an essential component before 
any regulatory or enforcement decision is made. 

3.2 Digital Data Acquisition and Habitat Monitoring 

The effectiveness of the proposed framework 
depends on the availability of reliable environmental 
and habitat data. A multi-source data acquisition 
mechanism is therefore considered to provide 
complementary information about ecological 
conditions. IoT sensors can provide continuous 
measurements of parameters such as temperature, 
humidity, air quality, water quality, soil moisture, 
noise, and other environmental variables. These 
observations can help identify sudden changes or 
prolonged environmental deterioration. Satellite 
imagery provides large-scale information regarding 
vegetation cover, forest conditions, surface water, 
urban development, agricultural expansion, and 
other land-cover characteristics. Drone imagery may 
supplement satellite observations by providing 
higher-resolution information for specific locations. 

Historical habitat records and biodiversity databases 
can provide baseline conditions against which newly 
observed environmental changes can be compared. 
Meteorological variables may also be incorporated 
because rainfall, temperature, drought, and seasonal 
variations can naturally influence environmental 
conditions. Incorporating such information reduces 
the possibility of incorrectly interpreting natural 
environmental variation as anthropogenic 
disturbance. The acquired datasets are subjected to 
preprocessing procedures such as missing-value 
treatment, noise reduction, normalization, image 
correction, spatial alignment, temporal 
synchronization, and feature extraction. The 
resulting integrated dataset provides the analytical 
foundation for habitat-change detection and 
ecological risk assessment. 

3.3 AI-Based Detection of Ecological Violations 

AI-based analysis forms the intelligent detection 
component of the proposed framework. Machine 
learning and deep learning techniques can be applied 
to identify environmental patterns that may indicate 

habitat degradation or potentially unauthorized 
activities. Classification models can categorize 
monitored regions into normal, moderately 
disturbed, and highly disturbed environmental 
conditions. Anomaly-detection algorithms can 
identify unusual changes in environmental sensor 
measurements, while computer-vision and image-
classification techniques can analyse satellite or 
drone imagery for vegetation removal, land clearing, 
construction, habitat fragmentation, waste 
accumulation, or changes in water bodies. 

Change-detection models can compare multi-
temporal observations to determine the magnitude 
and spatial extent of ecological modifications. For 
example, substantial vegetation loss occurring 
within a short period may be identified as a 
potentially significant habitat disturbance. 
Similarly, unusual changes in water-quality 
parameters near an industrial area may indicate a 
potential pollution event. The AI output should 
therefore be interpreted as a risk indicator rather than 
an automatic determination of legal liability. Each 
detected event can be assigned a confidence or risk 
score and forwarded for spatial and regulatory 
verification. This approach maintains an appropriate 
distinction between technological detection and 
formal legal determination. 

3.4 GIS and Remote Sensing-Based Spatial 
Assessment 

GIS and remote sensing provide the geospatial 
intelligence required to determine where ecological 
changes occur and whether they affect 
environmentally sensitive locations. Remote-
sensing imagery can be processed to derive 
indicators related to vegetation, water bodies, built-
up areas, bare land, and other land-cover 
characteristics. Multi-temporal analysis can reveal 
changes in these indicators and support 
identification of habitat degradation. GIS can 
integrate detected environmental changes with 
spatial layers representing protected areas, forest 
boundaries, wildlife corridors, wetlands, water 
bodies, administrative regions, industrial zones, 
roads, settlements, and regulated development areas. 
Spatial-overlay analysis can subsequently determine 
whether detected activities occur within or near 
environmentally protected locations. 

For example, an AI model may detect a newly 
cleared area from satellite imagery. GIS analysis can 
determine its coordinates, area, proximity to wildlife 
habitat, and overlap with legally protected 
boundaries. Historical imagery can provide evidence 
regarding the timing and progression of the change. 
Such spatial information significantly improves the 
interpretability of AI-generated alerts and provides 
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regulatory authorities with location-specific 
information for further investigation. Geospatial 
analysis can also support hotspot mapping by 
identifying regions experiencing repeated ecological 
disturbances. Authorities can use these maps to 
prioritize surveillance and allocate monitoring 
resources to areas with higher environmental risk. 

3.5 Legal Compliance Assessment and Decision 
Support 

The final analytical stage connects environmental 
observations with regulatory requirements. Once a 
significant ecological change has been detected and 
spatially verified, the system evaluates available 
contextual information to determine whether further 
compliance investigation is necessary. A digital 
compliance knowledge base can contain information 
regarding protected-area restrictions, environmental 
thresholds, permitted activities, regulatory 
conditions, applicable environmental standards, and 
other compliance criteria. Rule-based assessment 
can compare detected environmental events with 
these conditions. For example, vegetation removal 
detected within a restricted habitat may generate a 
higher compliance risk than an equivalent change 
occurring within an authorized development area. 

The framework can classify detected cases 
according to levels such as low, moderate, high, or 
critical ecological and compliance risk. High-risk 
cases can be prioritized for detailed inspection, 
documentary verification, or further investigation by 
the responsible environmental authority. Supporting 
digital evidence may include time-stamped sensor 
observations, satellite images, spatial coordinates, 
change maps, historical comparisons, and AI-
generated analytical outputs. Importantly, the 
framework does not propose fully automated legal 
enforcement. Environmental legislation often 
requires contextual interpretation, verification of 
permissions, evaluation of evidence, and application 
of administrative or judicial procedures. Therefore, 
human experts and regulatory authorities remain 
responsible for the final determination of whether a 
legal violation has occurred. 

The proposed framework consequently follows a 
human-in-the-loop approach, where digital 
technologies support environmental authorities 
rather than replace regulatory judgment. By 
integrating environmental monitoring, AI-based 
detection, geospatial assessment, ecological risk 
analysis, legal compliance evaluation, and human 
verification, the framework establishes a systematic 
mechanism for technology-assisted environmental 
law enforcement and sustainable habitat 
governance. 

4. Analysis and Discussion 

The proposed digital framework provides an 
integrated approach for transforming environmental 
observations into information that can support 
habitat protection and environmental law 
enforcement. Its effectiveness can be examined 
through four interconnected dimensions: habitat-
condition assessment, detection of ecological 
violations, generation of digital evidence, and 
regulatory decision support. The analysis indicates 
that combining AI, IoT, remote sensing, GIS, and 
compliance-oriented digital mechanisms can 
improve the coverage, frequency, and traceability of 
environmental monitoring compared with isolated 
monitoring approaches. 

4.1 Assessment of Animal Habitat Conditions 

Continuous assessment of animal habitats is 
essential for identifying ecological changes before 
they develop into severe or irreversible 
environmental damage. The proposed framework 
combines sensor observations, satellite imagery, 
geospatial information, historical environmental 
records, and other available ecological data to 
establish a comprehensive representation of habitat 
conditions. Remote-sensing observations can 
identify variations in vegetation density, forest 
cover, surface water, bare land, built-up areas, and 
habitat fragmentation. IoT sensors can complement 
these observations by continuously recording local 
environmental variables such as temperature, 
humidity, water quality, air quality, soil moisture, 
and noise. GIS provides the spatial environment 
required to associate these observations with 
wildlife habitats, ecological corridors, forests, 
wetlands, water bodies, and protected regions. 

Temporal comparison is particularly important for 
distinguishing short-term environmental variation 
from persistent ecological deterioration. Changes 
observed over multiple periods can indicate whether 
habitat conditions are stable, gradually deteriorating, 
or experiencing rapid disturbance. The integration of 
multiple data sources therefore enables the 
framework to assign habitat conditions to different 
risk categories and identify areas requiring further 
ecological assessment. 

4.2 Detection and Classification of Ecological 
Violations 

Potential ecological violations may involve 
unauthorized deforestation, habitat encroachment, 
illegal construction, waste dumping, pollution, 
alteration of water bodies, or other activities capable 
of damaging environmentally sensitive areas. The 
proposed framework uses AI-based pattern 
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recognition and geospatial analysis to identify 
environmental changes potentially associated with 
such activities. AI models can process satellite and 
drone imagery to detect changes in land cover and 
environmental structures. Anomaly-detection 
techniques can identify unusual patterns in 
continuously recorded environmental parameters. 
For example, a sudden reduction in vegetation 
within a protected region may indicate possible 
unauthorized land clearing, while abnormal water-
quality measurements downstream of an industrial 
location may indicate a potential pollution event. 

The detected event can subsequently be evaluated 
according to its magnitude, duration, location, 
environmental sensitivity, and deviation from 
historical conditions. This enables prioritization of 
events according to ecological risk rather than 
treating every detected environmental change as an 
equivalent regulatory concern. 

Table 2. Illustrative Analysis of Ecological 
Violations Using the Proposed Digital Framework 

Potenti
al 
Ecologi
cal 
Violati
on 

Digital 
Eviden
ce / 
Indicat
or 

Detecti
on 
Technol
ogy 

Ecolo
gical 
Risk 

Suggest
ed 
Regulat
ory 
Respon
se 

Unauth
orized 
defores
tation 

Rapid 
reducti
on in 
vegetat
ion or 
forest 
cover 

Remote 
Sensing 
+ AI 

High Site 
verificat
ion and 
authoriz
ation 
check 

Habitat 
encroac
hment 

New 
structur
es or 
land-
use 
change 
within 
sensitiv
e 
habitat 

GIS + 
Satellite 
Imager
y + AI 

High Bounda
ry and 
land-
use 
complia
nce 
assessm
ent 

Water 
pollutio
n 

Abnor
mal 
pH, 
dissolv
ed 
oxygen
, 
turbidit
y, or 
other 
water-
quality 

IoT 
Sensors 
+ AI 

High Samplin
g, 
source 
investig
ation, 
and 
complia
nce 
inspecti
on 

indicat
ors 

Illegal 
waste 
dumpin
g 

Unusua
l 
accumu
lation 
or 
change 
in 
surface 
charact
eristics 

Drone/
Satellite 
Imager
y + 
Comput
er 
Vision 

Mode
rate–
High 

Physica
l 
inspecti
on and 
waste-
manage
ment 
verificat
ion 

Habitat 
fragme
ntation 

Increas
ing 
separati
on of 
habitat 
patches 

Remote 
Sensing 
+ GIS 

Mode
rate–
High 

Ecologi
cal 
connect
ivity 
and 
develop
ment 
assessm
ent 

Excessi
ve 
environ
mental 
noise 

Persiste
nt 
measur
ements 
above 
ecologi
cal 
thresho
lds 

IoT 
Acousti
c 
Sensors 

Mode
rate 

Source 
identific
ation 
and 
regulato
ry 
verificat
ion 

Unauth
orized 
constru
ction 

New 
built-
up 
structur
es 
within 
restrict
ed 
areas 

Satellite
/Drone 
Imager
y + GIS 

High Permit 
and 
environ
mental-
clearanc
e 
verificat
ion 

Wetlan
d or 
water-
body 
alterati
on 

Reducti
on or 
modific
ation of 
surface
-water 
extent 

Remote 
Sensing 
+ GIS 

High Historic
al 
compari
son and 
regulato
ry 
investig
ation 

Table 2 demonstrates how different forms of 
environmental disturbance can be associated with 
specific digital indicators and monitoring 
technologies. Remote sensing and GIS are 
particularly suitable for spatial violations such as 
deforestation, encroachment, habitat fragmentation, 
and unauthorized construction, whereas IoT sensors 
provide greater value for continuously changing 
environmental conditions such as water pollution 
and noise. AI functions as an analytical layer across 
these technologies by recognizing patterns, 
detecting anomalies, and prioritizing suspicious 
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events. However, the identified conditions represent 
potential violations requiring verification rather than 
final legal determinations. This distinction is 
important because environmental changes may 
result from natural events, authorized activities, or 
circumstances that require contextual legal 
interpretation. 

4.3 Digital Evidence and Environmental Law 
Compliance 

One of the important contributions of digital 
environmental monitoring is its ability to generate 
structured and traceable information that can support 
regulatory assessment. Satellite images, drone 
observations, sensor measurements, geospatial 
coordinates, time-series records, and automated 
analytical outputs can collectively provide a more 
comprehensive representation of an environmental 
event. For example, satellite imagery can establish 
that vegetation removal occurred between two 
observation dates, while GIS can establish whether 
the affected area overlaps with a protected habitat. 
Historical records can indicate the previous 
ecological condition of the location, and regulatory 
databases can be examined to determine whether 
authorization existed for the detected activity. These 
complementary sources can strengthen the 
preliminary assessment of environmental 
compliance. Digital evidence should nevertheless 
satisfy requirements relating to accuracy, 
authenticity, integrity, traceability, and reliability. 
Sensor calibration, data provenance, timestamps, 
geospatial accuracy, image-processing procedures, 
and AI model outputs should therefore be 
appropriately documented. Maintaining an auditable 
sequence from original observation to analytical 
result is important when digital information is used 
to support regulatory investigation. The framework 
consequently emphasizes preservation of original 
data alongside processed results. AI-generated 
classifications should remain linked to the 
underlying environmental observations so that 
environmental experts, regulators, or other 
authorized stakeholders can review how an alert was 
generated. 

5. Conclusion 

Technological innovation is increasingly 
transforming environmental governance by enabling 
more continuous, accurate, and evidence-oriented 
approaches to monitoring animal habitats and 
identifying ecological violations. This research 
presented a digital framework that integrates 
Artificial Intelligence (AI), Internet of Things (IoT), 
remote sensing, Geographic Information Systems 
(GIS), drone-based observations, and digital 
compliance mechanisms to strengthen the 

connection between environmental monitoring and 
environmental law enforcement. The proposed 
framework follows an integrated process of 
environmental and habitat data acquisition, 
preprocessing, AI-based ecological change 
detection, geospatial assessment, ecological risk 
analysis, legal compliance evaluation, human 
verification, and regulatory decision support. Such 
integration can assist in identifying potential 
activities including unauthorized deforestation, 
habitat encroachment, pollution, illegal waste 
disposal, habitat fragmentation, unauthorized 
construction, and alteration of wetlands or water 
bodies. The analysis demonstrates that individual 
technologies provide complementary capabilities: 
IoT enables continuous environmental sensing, 
remote sensing provides large-scale and temporal 
observations, GIS supports spatial verification, and 
AI facilitates automated pattern recognition, 
anomaly detection, and risk classification. 
Importantly, the framework does not consider AI-
generated alerts as automatic evidence of legal 
liability; instead, detected events are treated as 
potential ecological violations requiring expert 
verification and regulatory interpretation. This 
human-in-the-loop approach improves 
accountability while preserving the role of 
environmental authorities in final decision-making. 
The framework can further support a transition from 
reactive environmental enforcement toward 
preventive and risk-based governance by enabling 
early identification of ecological disturbances and 
prioritization of high-risk locations for inspection. 
Nevertheless, practical implementation requires 
careful consideration of data accuracy, 
interoperability, cybersecurity, privacy, AI 
explainability, digital evidence integrity, regulatory 
acceptance, and institutional capacity. Future 
developments should therefore focus on explainable 
AI, standardized environmental data infrastructures, 
secure digital evidence management, real-time 
regulatory dashboards, and stronger integration 
between environmental monitoring platforms and 
legal compliance databases.  

References 

[1] Leliveld, L.M.C.; Brandolese, C.; Grotto, 
M.; Marinucci, A.; Fossati, N.; Lovarelli, 
D.; Riva, E.; Provolo, G. Real-Time 
Automatic Integrated Monitoring of Barn 
Environment and Dairy Cattle Behaviour: 
Technical Implementation and Evaluation 
on Three Commercial Farms. Comput. 
Electron. Agric. 2024, 216, 108499. 

[2] Michiels, A.; Piepers, S.; Ulens, T.; Van 
Ransbeeck, N.; Del Pozo Sacristán, R.; 
Sierens, A.; Haesebrouck, F.; Demeyer, P.; 
Maes, D. Impact of Particulate Matter and 
Ammonia on Average Daily Weight Gain, 



Journal of Animal Environment, Vol. 18, No. 4s, Spring 2026 

507 

Mortality and Lung Lesions in Pigs. Prev. 
Vet. Med. 2015, 121, 99–107. 

[3] Qi, F.; Zhao, X.; Shi, Z.; Li, H.; Zhao, W. 
Environmental Factor Detection and 
Analysis Technologies in Livestock and 
Poultry Houses: A Review. Agriculture 
2023, 13, 1489. 

[4] Wang, X.; Ndegwa, P.M.; Joo, H.S.; 
Neerackal, G.M.; Harrison, J.H.; Stöckle, 
C.O.; Liu, H. Reliable Low-Cost Devices 
for Monitoring Ammonia Concentrations 
and Emissions in Naturally Ventilated 
Dairy Barns. Environ. Pollut. 2016, 208, 
571–579. 

[5] Ma, H.; Xie, Y.; Li, A.; Zhang, T.; Liu, Y.; 
Luo, X. A Review on the Effect of Light–
Thermal–Humidity Environment in Sow 
Houses on Sow Reproduction and Welfare. 
Reprod. Domest. Anim. 2023, 58, 1023–
1045. 

[6] Janke, D.; Bornwin, M.; Coorevits, K.; 
Hempel, S.; van Overbeke, P.; Demeyer, 
P.; Rawat, A.; Declerck, A.; Amon, T.; 
Amon, B. A Low-Cost Wireless Sensor 
Network for Barn Climate and Emission 
Monitoring—Intermediate Results. 
Atmosphere 2023, 14, 1643. 

[7] Danev, V.; Atanasova, T.; Dineva, K. 
Multi-Sensor Platform in Precision 
Livestock Farming for Air Quality 
Measurement Based on Open-Source 
Tools. Appl. Sci. 2024, 14, 8113. 

[8] Ji, B.; Banhazi, T.; Perano, K.; 
Ghahramani, A.; Bowtell, L.; Wang, C.; Li, 
B. A Review of Measuring, Assessing and 
Mitigating Heat Stress in Dairy Cattle. 
Biosyst. Eng. 2020, 199, 4–26. 

[9] Calvet, S.; Gates, R.S.; Zhang, G.Q.; 
Estellés, F.; Ogink, N.W.M.; Pedersen, S.; 
Berckmans, D. Measuring Gas Emissions 
from Livestock Buildings: A Review on 
Uncertainty Analysis and Error Sources. 
Biosyst. Eng. 2013, 116, 221–231. 

[10] Leliveld, L.M.C.; Provolo, G. A Review of 
Welfare Indicators of Indoor-Housed Dairy 
Cow as a Basis for Integrated Automatic 
Welfare Assessment Systems. Animals 
2020, 10, 1430. 

[11] Park, J.; Kang, T.; Heo, Y.; Lee, K.; Kim, 
K.; Lee, K.; Yoon, C. Evaluation of Short-
Term Exposure Levels on Ammonia and 
Hydrogen Sulfide During Manure-
Handling Processes at Livestock Farms. 
Saf. Health Work. 2020, 11, 109–117. 

[12] Hassouna, M.; Eglin, T.; Cellier, P.; 
Colomb, V.; Cohan, J.; Decuq, C.; 
Delabuis, M.; Edouard, N.; Espagnol, S.; 
Eugène, M. Measuring Emissions from 
Livestock Farming: Greenhouse Gases, 
Ammonia and Nitrogen Oxides; INRA-

ADEME, Ed.; 2016; ISBN 2-7380-1392-9. 
Hal-01567208. 

[13] Lee, I.K.; Kye, Y.C.; Kim, G.; Kim, H.W.; 
Gu, M.J.; Umboh, J.; Maaruf, K.; Kim, 
S.W.; Yun, C.H. Stress, Nutrition, and 
Intestinal Immune Responses in Pigs—A 
Review. Asian-Australas. J. Anim. Sci. 
2016, 29, 1075–1082. 

[14] Qu, Q.; Groot, J.C.J.; Zhang, K.; Schulte, 
R.P.O. Effects of Housing System, 
Measurement Methods and Environmental 
Factors on Estimating Ammonia and 
Methane Emission Rates in Dairy Barns: A 
Meta-Analysis. Biosyst. Eng. 2021, 205, 
64–75. 

[15] D’Urso, P.R.; Arcidiacono, C.; Cascone, G. 
Assessment of a Low-Cost Portable Device 
for Gas Concentration Monitoring in 
Livestock Housing. Agronomy 2023, 13, 5.  


