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ABSTRACT: Information and communication technologies (ICTs) are increasingly reshaping conservation by
enabling real-time monitoring, predictive analytics, and coordinated enforcement across forest and wildlife systems.
Recent literature shows that digital forestry frameworks combining IoT, Al, big data, and remote sensing can improve
sustainability, transparency, and decision-making in forest management. This review examines how GIS, remote
sensing, IoT sensor networks, camera traps, drones, Al, and digital governance platforms contribute to sustainable
forest management, wildlife monitoring, and anti-poaching operations. The evidence indicates that ICT strengthens
detection of deforestation, supports species monitoring, improves patrol efficiency, and enhances community
participation, while remaining constrained by cost, connectivity, regulation, and technical capacity.

I. INTRODUCTION

Forests face accelerating pressures from deforestation, fragmentation, climate change, and illegal extraction, while
wildlife populations are threatened by habitat loss and poaching. In response, Forest 4.0 and related digital-forestry
approaches argue that IoT, Al, blockchain, and sensor-based systems can make conservation more data-driven and
responsive.[l1(2]

The rationale for ICT adoption is straightforward: conventional eld surveys are often too slow, labour intensive, and
spatially limited for modern conservation demands. Digital tools extend the reach of forest managers and rangers by
turning remote landscapes into continuously observable environments, thereby improving both ecological decision-
making and enforcement capacity.*1!]

Geospatial Planning

GIS and remote sensing are central to modern forest planning because they provide large area, repeatable, and spatially
explicit evidence on land-cover change, biomass, and degradation patterns. Recent forestry reviews emphasize that
satellite imagery, UAV data, and analytics platforms improve forest monitoring, resource allocation, and sustainability

planning.[2] [1

A key advantage of geospatial methods is their ability to integrate heterogeneous data into a single planning
framework. By combining satellite observations with eld measurements and digital dashboards, managers can identify
deforestation hotspots, prioritize restoration, and support more transparent governance.!!! 2]

Real-Time Wildlife Monitoring

IoT-linked sensors, camera traps, and GPS telemetry now form the backbone of high resolution wildlife monitoring.
Reviews of camera-trap analytics show that deep learning can automate species identification, reduce manual
workload, and improve the efficiency of ecological research.* B
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Camera traps are especially valuable in remote or dangerous environments because they enable non-invasive,

continuous observation with photo and video evidence. At the same time, machine-learning systems require substantial

annotated data, computing power, and technical expertise, which can limit deployment in under-resourced conservation
[4](5]

programs.

Tactical Anti-Poaching

Anti-poaching operations increasingly rely on drones, infrared imaging, Al-assisted risk prediction, and smart patrol
platforms. Conservation reports and technical reviews suggest that drones improve situational awareness by monitoring
terrain that is di cult or dangerous for ground patrols, especially at night when poaching frequently occurs.[617]

Al-based patrol systems are also changing enforcement strategy by helping identify high-risk areas and schedule patrols
more effiectively. In practice, this shifts anti-poaching from reactive response to anticipatory intervention, with better
use of limited ranger resources.!”/81]

Forest Resource Economics

ICT is not only a conservation tool; it also has direct economic relevance for forest resource management. Digital
forestry literature argues that Al IoT, and big data can improve efficiency, resource allocation, traceability, and supply-
chain transparency, all of which affect the economic performance of forest systems.!!]

In economic terms, better measurement reduces uncertainty in forest valuation, restoration planning, and carbon-related
accounting. Digital systems can therefore support sustainability while also improving the credibility of forest assets,
ecosystem services, and governance linked nance mechanisms.? 11

Social and Governance Impact

Digital forest governance depends on more than hardware and algorithms; it also requires participatory institutions.
Recent governance-oriented publications note that digital platforms can improve transparency, reduce transaction costs,
and enhance collaboration among government agencies, local communities, and other stakeholders.!' ' ICommunity
participatory monitoring is particularly important because local residents often detect illegal logging, re, and wildlife
movement earlier than centralized agencies. When linked to digital reporting systems, community input can strengthen
accountability and support more inclusive conservation outcomes.[!2/ 111119]

Benefits and Challenges

ICT-based conservation offers several clear benefits: faster detection, better spatial coverage, improved evidence
quality, more efficient patrol deployment, and stronger integration of ecological and governance data. Forestry and
conservation reviews consistently describe these technologies as improving sustainability, efficiency, and transparency
in management systems./?1[!]

The main barriers are equally consistent across the literature. High implementation costs, poor connectivity, limited
technical capacity, interoperability issues, regulatory constraints, and data privacy concerns continue to slow adoption,
especially in low- and middle-income

settings. 1211
ICT approach Main benefits Key roadblocks
Large-area forest monitorin . .

GIS and remote & . . . & Data-processing demands, skill

. deforestation detection, planning support . Y el
sensing 1 shortages, interoperability issues

. . . Connectivit aps hardware
IoT and sensor Real-time environmental data, continuous . iy £aps, W
- ] maintenance,

networks field monitoring, early alerts 1!

initial cost [1[2]
Non-invasive wildlife monitoring, species

Camera traps and . . . . .
P identification, scalable image analysis [}

Need for annotated datasets, computing

Al 4] resources, technical expertise 5]
Drones and Rapid patrol coverage, night surveillance, Regulation, endurance limits, operator
thermal imaging dangerous-area access [°1[7] training [
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Digital Institutional ~ fragmentation,  policy

overnance Transparency, collaboration, participatory integration, data governance concerns
;g)la tforms monitoring, better coordination ['%1[!1) [10][1%] ’ &

Table 1- Comparison of ICT tools for Forest monitoring: Application, Benefits & limitations
II. CONCLUSION

The literature supports ICT as a strategic enabler of modern forest governance, wildlife monitoring, and anti-poaching
operations. Digital technologies extend the reach of conservation institutions, improve the precision of monitoring, and
make intervention more timely and evidence-based.’! ! IFyture progress will depend on lowering deployment costs,
improving rural connectivity, strengthening technical training, and aligning digital systems with governance and
community participation. As forestry systems move toward Forest 4.0 models, the most durable gains will likely come
from integrated platforms that combine geospatial intelligence, automated sensing, and participatory oversight.[!!11112]
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