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Abstract 
The research paper argues that from sky to screen ―workflows‖ fusing satellite and aerial 

remote sensing (very‐high‐resolution optical imagery, SAR change detection, airborne/UAV LiDAR) 

with on‐the‐ground rapid documentation and next‐generation digital reconstructions 
(photogrammetry, scan‐to‐mesh, neural radiance fields, real‐time 3D Gaussian splatting)—are 

transforming the preservation of endangered archaeological heritage via early‐warning risk 
mapping, damage assessment in conflict and climate‐exposed zones, and the generation of accurate, 

navigable surrogates for research, conservation, and public access, as evidenced by regional 
monitoring infrastructures like EAMENA which leverage satellite imagery and open heritage 

databases, and by global digitization initiatives such as CyArk’s laser‐scanning and photogrammetry 
pipelines that produce metrically reliable, shareable 3D records (with transparent provenance), 

while recent advances in neural rendering and splat‐based radiance fields reduce acquisition friction 
and improve completeness under sparse imagery, rendering immersive, browser‐ready models 

feasible for institutions with fewer resources; conceptually, we propose that remote sensing provides 
synoptic, repeatable observations for triage and prioritization whereas digital reconstructions 

translate those observations into decision‐ready models, didactic platforms, and ―living‖ archives 
that can be annotated, versioned, and linked to GIS, HBIM, and heritage knowledge graphs (e.g., 

CIDOC CRM), thereby threading together site‐level detail and landscape‐scale monitoring; at the 
policy layer, capacity‐building programs—exemplified by UNESCO–UNOSAT trainings in Ukraine 

on satellite‐based heritage assessment—indicate movement toward mainstreaming geospatial 
literacy in heritage agencies, while FAIR/CARE data principles, open standards (IIIF/3D, E57, 

glTF), public repositories mitigate the reproducibility and longevity gaps that have constrained 
earlier digitization waves; ethically, we argue that ―seeing from above‖ requires counterbalancing 

with community co‐curation, data sovereignty for Indigenous and local custodians, and risk‐aware 
publication practices (e.g., generalized or delayed coordinates for looting‐sensitive assets), and we 

propose evaluative rubrics which co‐mingle positional accuracy, surface completeness, radiometric 
fidelity, uncertainty visualization, and provenance audit trails to assess fitness‐for‐purpose across 

conservation planning, scholarly analysis, and virtual engagement; in the round, the paper charts a 
research agenda entwining Earth‐observation change analytics with lightweight, field‐deployable 

capture and neural reconstruction pipelines, interpolates them in participatory workflows and 
ethical governance, and tests impact longitudinally on conservation outcomes, educational reach, 

and policy uptake, contending that such linked ―sky‐to‐screen‖ ecosystems are now indispensable 

implementation for safeguarding archaeological value when access is perilous, time is short, and the 
stakes material, historical, and human are colossal. 
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Introduction 

Framed as a conceptual and methodological inquiry rather than a field-data study, this paper introduces the 

problem of rapid archaeological-heritage loss driven by urban expansion, accelerating climate hazards, armed conflict, 

and organized looting—pressures documented in recent UNESCO climate and risk analyses and stark incidents like the 
June 10, 2025 blast damage to Kyiv’s World Heritage–listed Saint Sophia Cathedral—arguing that non-invasive, ―sky-

to-screen‖ approaches that fuse remote sensing (VHR optical constellations, SAR change analytics, and airborne/UAV 

LiDAR) with digital reconstructions (photogrammetry, scan-to-mesh pipelines, and neural methods such as NeRF and 

real-time 3D Gaussian Splatting) uniquely matter now because they enable synoptic, repeatable observation for early-

warning triage, safe damage assessment when access is dangerous, and the production of metrically reliable, navigable 

surrogates that support preservation planning, scholarly interpretation, and public accessibility at scale (UNESCO 

World Heritage Centre, 2025; Reuters, 2025; UNESCO, n.d.; EAMENA Project, 2025; Calisi et al., 2023; Mildenhall 

et al., 2020; Kerbl et al., 2023; Calisi et al., 2023; Calisi et al., 2023; Evaluating the absolute accuracy, 2025), while we 

define the study’s conceptual nature by theorizing workflows and governance rather than presenting new field 

campaigns, situating our analysis in relation to (i) landscape-to-object pipelines where satellite and UAV observations 

feed HBIM knowledge environments and conservation decision-support (HBIM reviews, 2024–2025), (ii) open 
standards and interoperability—IIIF-3D efforts for annotation and deep linking, and the glTF ecosystem for efficient 

web delivery—that turn 3D heritage from one-off models into living, FAIR/CARE-aligned data assets (Haynes, 2023; 

Khronos Group, 2025; Open Context, 2024), and (iii) capacity-building and ethics, exemplified by UNESCO–

UNOSAT’s 2025 advanced training in Ukraine on satellite-based heritage monitoring and by current best practice to 

de-risk publication of sensitive locations amid looting, including the emerging use of multi-temporal analytics and ML 

to flag illicit excavations (UNITAR/UNOSAT, 2025; Vincent et al., 2025; Agapiou et al., 2022; Ruggieri et al., 2019); 

accordingly, our aim is to analyze how remote sensing and digital reconstructions, treated together as complementary 

non-contact instruments, contribute to (a) preservation by quantifying exposure and change, prioritizing interventions, 

and archiving high-fidelity replicas tied to provenance and uncertainty; (b) interpretation—by knitting stratigraphic and 

architectural detail to landscape processes through HBIM/GIS linkages and radar-assisted deformation studies; and (c) 

accessibility—by delivering light, standards-based models to public platforms and classrooms without compromising 

community rights, data sovereignty, or site security, thus proposing evaluative rubrics (accuracy, completeness, 
radiometric fidelity, temporal refresh, and governance compliance) and an agenda that connects Earth-observation 

change analytics to lightweight, field-deployable capture and neural reconstruction, embedded in participatory 

workflows that can scale within national heritage systems under the updated 2023 UNESCO Climate Action Policy for 

World Heritage (UNESCO, 2023; UNESCO, 2024; The Innovation, 2022; Georgopoulos, 2023; Galantucci et al., 

2023; Ahuja & Desai, 2024; EAMENA Project, 2025). 

Theoretical & Conceptual Framework 

Embedded within the governance heritage framework of the United Nations Education, Scientific and Cultural 

Organization that distinguishes yet blurs the preservation logics for tangible (1972 Convention Concerning the 

Protection of World Cultural and Natural Heritage) and intangible culture (2003 Convention for the Safeguarding of the 

Intangible Cultural Heritage) and now directly prescribes climate risk assessment and adaptation for sites (World 

Heritage Climate Action Policy 2023) this paper theorizes how noninvasive sensing (LiDAR, multispectral, thermal) 
and post-acquisition digital reconstructions (3D scanning/photogrammetry, VR/AR) together form a continuum of 

methodological possibilities for the preservation of at-risk archaeological heritage where remote sensing provides 

synoptic, repeatable evidence for discovery, monitoring, and threat modeling, and visualization standards and ethics 

translate the data into durable, transparent interpretive surrogates; hence, recent reviews demonstrate LiDAR’s 

―transition from a forest-penetrating terrain-typing system to a heritage protection technology at the landscape scale‖ 

including early reports of deep-learning analysis of archaeological form and new professional guidelines for terrestrial 

laser scanning, while multispectral/planetary constellations (e.g., Planet Scope) and Sentinel-2 provide the means for 

multitemporal detection of crop- and soil-marks and monitoring their change, and airborne/heritage integrated thermal–

optical UAV systems refine prospection and bringing old data into reconciliation at site scale, all of which underscores 

spectral resolution, revisit frequency, and time-of-day/season options are not only technical settings but also theoretical 

commitments to the sampling of historical processes in dynamic play. Extending this evidentiary pipeline, the digital-

heritage stack—VR/AR experiences, virtual reconstructions, and ―digital twins‖ rooted in HBIM—will need principled 
guidelines from the London Charter and Seville Principles for paradata-rich documentation, falsifiability, and audience-

appropriate renderings, while data-model interoperability will depend on ontologies such as CIDOC-CRM and web-

scale delivery formats and roadmaps around IIIF-3D and glTF (with advancing interactive features) in order to make 

assets remain accessible, inspectable, and reusable across institutions and through time; at once, FAIR data stewardship 

and CARE principles for Indigenous data governance will require that openness be weighed against community rights 

and confidentiality and anti-harm protocols, coupled with professional ethical guidance on publishing sensitive 

locations amidst ongoing looting risks, hence preservation is here understood as a sociotechnical practice where risk, 

rights, and reuse co-evolve. In this synthesis, remote sensing provides the ―where/when/how-it-changes‖ through 
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detecting things invisible, reconstructing paleolandscapes, and quantifying disturbance, while digital reconstructions 

realize the ―what-it-means/how-we-know‖ via transparent modeling of hypotheses, uncertainties, and empowered 

stories (e.g., stakeholders); high-fidelity surveys of immersive heritage outline both the interpretive potential and the 

undesired consequences (e.g., spectacle over scholarship, access inequities, privacy) and make a case for design rubrics, 
evaluation protocols, and participatory co-creation to bind technical pipelines to ethical, place-based stewardship; 

consequently, the framework we present places ―from sky to screen‖ not as a linear trajectory but as iterative loops that 

connect scalable detection, climate-aware monitoring, and rights-sensitive, standards-compliant visualization, such that 

endangered sites—especially those located within conflict zones, urbanizing corridors, and climate frontiers—might be 

(a) flagged early, (b) documented with richness and comparability across time, and (c) communicated responsibly with 

interoperable surrogates that we enable research, education, and community memory without amplifying extraction or 

damage. 

Remote Sensing in Archaeology: From Discovery to Documentation 

Archaeology has embraced remote sensing as a transformative non-invasive discovery tool; the post-excavation-centric 

model of discovery has shifted to detection-centered exploration, deploying LiDAR (Light Detection and Ranging), 

aerial and satellite infrared, multispectral, thermal, radar, hotspot, and hyperspectral imaging that peer through 
vegetation, soil, or surface derangement to see subtle human traces—e.g. in the thick Cambodian jungle surrounding 

Angkor walled city and its Greater Angkor Region, where airborne LiDAR surveys by pioneers like Damian Evans and 

the Cambodian Lidar Initiative have uncovered urban sprawl, temple ruins, road networks, water management networks 

and hidden settlements (e.g. the rediscovery of Mahendraparvata and the mapping of sprawling medieval urbanism) 

without substantial disturbance to the ground; likewise, in the Maya lowlands of Petén, Guatemala and sites such as 

Caracol, aerial LiDAR had ―peeled back‖ the jungle roof to peel out causeways, terraces, roads, residential clusters and 

over 60,000 previously unknown buildings, greatly enhancing our understanding of population density and settlement 

organization; in the Egyptian sands, satellite-based infrared, multispectral and radar sensors (e.g. via Sentinel-1 radar 

backscatter and Sentinel-2 multispectral) could reveal buried buildings, subtle soil disturbances and shallow subsurface 

structures at Qubbet el-Hawa thus enabling remote characterization, monitoring and preservation of fragile heritage; 

conceptually, this work embodies the move from traditional invasive excavation to remote sensing, and argues that 

archaeologists should map, document and digitally reconstruct endangered heritage through virtual 3D models and 
digital reconstructions, and hypothesis-driven visualizations which support conservation, risk management, virtual 

tourism and cultural legacy preservation, integrating smart AI, deep learning and photogrammetric workflows for 

segmenting LiDAR and satellite imagery (e.g. YOLOv8 for Maya LiDAR feature recognition, Archaeoscape annotated 

ALS datasets) in accordance with UNESCO-endorsed non-contact, multi-sensor, multi-temporal methods, and for 

promoting a sustainable stewardship of cultural heritage in the face of climate change, looting, urban sprawl, and 

environmental harm—thus redefining archaeology from hands-on to head-up detection and digital preservation. 

Digital Reconstructions: From Documentation to Experience 

In the realm of preserving endangered archaeological heritage, the conceptual role of 3D models and digital 

reconstructions emerges as a transformative mediator that allows researchers to transcend the static confines of 

documentation by enabling immersive, interactive, and analytically potent reinterpretations of sites—exemplified by 

the digitally reconstructed frigidarium wall-paintings of the Sarno Baths in Pompeii, where virtual techniques have 
been applied to remove salt deposits and abrasions, thereby virtually restoring color and detail and offering fresh 

archaeological insights, while reinforcing the potential of such reconstructions in rescue archaeology—furthermore, 

immersive technologies such as virtual reality (VR) and augmented reality (AR) are increasingly harnessed in public 

archaeology and educational contexts to create accessible, engaging, and immersive experiences for diverse audiences, 

allowing virtual navigation of reconstructed spaces, enhanced interpretative layers, and educational interactivity, 

although these developments prompt critical debate around ―virtual heritage versus authenticity,‖ with questions raised 

about whether digitally reconstructed environments can ever authentically represent past realities or whether they risk 

creating simulacra that prioritize experience over epistemic fidelity, especially as techniques like remote sensing (e.g., 

satellite imagery, LiDAR, SAR, UAV-based photogrammetry) and AI-powered detection tools (such as deep learning 

models applied to CORONA imagery achieving over 90 % detection accuracy in vanishing landscapes) enable the 

creation of increasingly accurate and expansive 3D reconstructions of endangered or eroded sites, yet still engender 

tension between the necessity and value of accessible, immersive heritage and the epistemological, ethical, and 
experiential implications of substituting—or supplementing—the tangible with the virtual, thereby underscoring that 

while digital reconstructions and VR/AR applications powerfully enhance preservation, interpretation, and public 

engagement, they also compel us to continuously interrogate the boundaries between mediated representation and the 

authenticity of archaeological heritage. 

Challenges and Ethical Considerations 

In this dynamic landscape of preserving endangered archaeological heritage through remote sensing and digital 

reconstructions, a constellation of interrelated challenges and ethical questions demands critical reflection, including 



 

Journal of Research and Development 
Peer Reviewed International, Open Access Journal. 

ISSN : 2230-9578 |  Website: https://jrdrvb.org  Volume-17, Issue-8| August - 2025 
 

97 

the paradox of authenticity versus virtualization, pitting the basic question of whether digital replicas no matter how 

visually accurate or immersive can ever replace tangible heritage or risk supplanting authentic materiality with 

mediated simulations that may unknowingly distort context or meaning; issues of access and inequality as digitized 

archives often remain dominated by well-resourced institutions or other actors at the expense of origin communities 
being excluded from control or access thus exacerbating extant inequities on whose artifacts get digitized, how they’re 

represented, and by whom; alongside, colonial circuitries reappear in the realm of digital heritage, where ―digital 

repatriation‖ may ironically reinforce digital colonialism since it may empower non-local institutions to keep copies 

and impose their interpretive lenses, frequently sidelining indigenous epistemologies and cultural sovereignty in 

determining representation and access; finally, the longevity promise embedded in digital formats confronts a fragile 

irony rooted in technological obsolescence, material constraints, and sustainability, witnessed in phenomena like 

―digital dark ages‖ resulting from file format decay and hardware obsolescence, as long-term preservation efforts must 

grapple with ensuring integrity, fixity, authenticity, intelligibility, and governance of digital objects over decades or 

centuries facing changing technologies and uncertain funding, frameworks such as Inter PARES, OAIS, and Trusted 

Digital Repositories providing theoretical anchors but practical implementation remains uneven, signaling that amid the 

transformative possibility of combining remote sensing, 3D visualization, and virtual experiences in protecting 
archaeological heritage there remain pressing ethical dilemmas around whether virtualization threatens authenticity, 

how digital archives may perpetuate existing power asymmetries, how past patterns of cultural appropriation adapt in 

digital domains, and whether digital formats are robust enough to retain heritage for posterity without compromising 

ethical stewardship. 

Future Directions in Digital & Remote Archaeology 

In envisioning the future of digital and remote archaeology as illuminated by the research article "From Sky to Screen: 

The Role of Remote Sensing and Digital Reconstructions in Preserving Endangered Archaeological Heritage," scholars 

foresee a powerful integration of artificial intelligence with remote sensing technologies—where deep learning and 

predictive modeling algorithms applied to satellite imagery, LiDAR, UAV-derived point clouds, and multispectral 

datasets not only facilitate high-accuracy detection and monitoring of illicit excavations, site degradation, or looting in 

near real time (with detection accuracies exceeding 90 % reported in some contexts) genuinely open-access, globally 

shared heritage repositories as exemplified by initiatives such as the TAROCH Coalition aiming to advance UNESCO-
level open cultural heritage standards by 2026 and pioneering digital archives like CyArk’s Open Heritage 3D platform 

making 3D digital site data freely downloadable, empowering communities, educators, and researchers to access, reuse, 

and interpret heritage without prohibitive barriers; concurrently, immersive reconstruction technologies including VR, 

AR, and participatory 3D modeling—are poised to expand into community engagement, enabling heritage 

stakeholders, local populations, and the public at large to inhabit, navigate, and even co-create virtual representations of 

endangered sites, thus fostering inclusive interpretive experiences grounded in local knowledge; and conceptually, the 

development of ―digital twins‖ of endangered heritage sites—dynamic virtual models that integrate real-time sensor 

feeds, environmental and structural data, and knowledge graphs to simulate deterioration trajectories, enable predictive 

maintenance, and support multidisciplinary collaboration—offers a transformative framework for heritage preservation, 

planning, and education, as illustrated by digital twin applications in structural simulation, knowledge mapping, and 

VR/AR restoration within heritage contexts collectively, these converging trajectories promise a future in which AI-
enhanced remote sensing, equitable open platforms, immersive community-centric experiences, and digital twin 

technology unify to create resilient, accessible, and responsive approaches to preserving and co-shaping the memory of 

endangered archaeological heritage. 

Discussion related to the study 

When considering some of these questions from papers like ―From Sky to Screen: The Role of Remote Sensing and 

Digital Reconstructions in Preserving Endangered Archaeological Heritage,‖ we can argue that the remote sensing 

advances of LiDAR, SAR, multispectral satellite imagery, photogrammetry, and UAV-based surveying devices have 

evolved less into tools for documentation than they have engines for discovery capable of unveiling substantive new 

large-scale hitherto unseen archaeological landscapes (e.g., hidden city networks in Mesoamerica) and triggering 

paradigm shifts in spatial thought and interpretation similar to how radiocarbon dating did in the mid-20th century 

while at once, a digital reconstruction corpus encompassing photogrammetric 3D models, interactive 4D fuses of 

historic imagery, and immersive VR/AR environments fulfills a profound role as culturation whereby the formerly 
fossil-like become narrative rich affective representations bridging past/present, enriching public interaction, and 

democratizing heritage knowledge with diverse audiences; further still, when remote sensing and reconstructions 

converge, they make for a formidable tag team framework for protecting endangered cultural heritage, enabling pre-

emptive detection of environmental or anthropogenic dangers through integrated GIS-based vulnerability mapping and 

multi-sensor monitoring as well as yielding precise visual/spatial records for intervention, interpretation, and policy 

development; conceptually, these developments signify a transformative reconception of archaeological modes of 

practice moving from the laborious traditions of digging and excavation to the rising paradigm of imaging, modeling, 



 

Journal of Research and Development 
Peer Reviewed International, Open Access Journal. 

ISSN : 2230-9578 |  Website: https://jrdrvb.org  Volume-17, Issue-8| August - 2025 
 

98 

and virtual preservation, where at risk heritage can be imaged, conveyed, and preserved in digital form whereas the 

emphasis in the field transitions from irretrievable loss toward a fiber thin, digital mediated continuity of cultural 

memory; in so doing, the discipline trends toward user embracement of computational, spatial, and immersive 

techniques not as add on techniques, but as intrinsic forms of making knowledge altering disciplinary ontologies, 
epistemologies, and methodologies in the discipline while simultaneously opening up new frontiers for how 

archaeology creates, documents, interprets, and disseminates knowledge about the past. 

Conclusion 

In conclusion, the study ―From Sky to Screen‖ compellingly reasserts its central argument that the integration of remote 

sensing and digital reconstructions is fundamentally reshaping archaeology into a non-invasive, preservation-driven 

discipline where archaeologists, empowered by tools like satellite imagery, LiDAR, UAV-based surveys, 

photogrammetry, and machine-learning-enhanced data analysis, can detect and monitor endangered sites without 

physically disturbing them, heralding a methodological paradigm shift that replaces intrusive digging with imaging, 

documentation, and virtual conservation; at the same time, it foregrounds the paradoxical reality that heritage may 

survive in digital form even as its physical manifestation deteriorates or vanishes, underscoring how digital surrogates, 

whether 3D models, virtual archives, or dynamic digital twins, can function as lifelines preserving cultural memory 
even in the absence of material continuity; and in light of these developments, it issues a clarion call for deep 

interdisciplinary collaboration—urging archaeologists to work hand-in-hand with technologists, heritage scientists, 

digital humanists, conservators, and policymakers to develop not only innovative yet ethically grounded and 

sustainable digital preservation strategies but also shared infrastructures, governance frameworks, and interpretive 

practices that ensure the digital embodiments of cultural heritage remain resilient, meaningful, and democratically 

stewarded for future generations. 
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