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MmogeniHe apTypni manimettepai bipikTipe anaTtbiH TaKbIPbINTbIK Tangay KondaHbinadbl. YCbIHbIIFaH MOAENb
TOXKipMbenik MiHAETTEPMEH VLU TEXHONOTUAHbIH, KOMEriMEH OPbIHAANAAbI: KTEXHONOTUA X LUEKTEY» MaTpULANapbl;
«KepiHic x apanacy ¢dasacbl x 6acbiMAblIbIK» MaTpPULANAPbI, COHbIMEH bipre «erep — COA — COHAbIKTAH»
dopmaTbiHAAFbI aNTbl ONEPALMANDBIK epexesepMeH TONbIKTbIPbIAFAH LWEKTI MaTpULA SPEKeTi KaHe WeLlim arallbl.
AnbiHfaH HaTuxkenep Mpak ywiH onapAblH, KON KeTiMmainiri, Kayincisairi meH macwTtabTtay apTbIKLWbIAbIKTapbiHA
Oopai KalWbIKTbIKTaH 30HATAY XoHe reorpaduaibiK aknapaTTbiK }Kynenep OHTalbl EKEeHiH KepceTeai, an reopagap
meH 3D cKaHepney eneyni wekTteynepre tan 6onabl. TexHonorManapabl KongdaHyablH, Tuimainiri 6ec TyniHAj
daKkTopnapnapmeH aHbIKTanadbl: KO KETIMAINIK NeH Kayincisaik, konaa 6ap KysipeTTiH, AeHreii, HbicCaH4apAbIH,
bU3MKanbIK OCanAaplifbl, 3aHHAMaslblK LUEKTEYIEP ¥KOHE WbIFbIHAAP/YaKbIT. 3epTTeyaiH, FbUIbIMKU yaeci — apanacy
dbaszanapblH TexXHOOrMANAPAbI TaHAay MEH XKePriNikTi WweKkTeynepmeH 6alinaHbICTbipaTbiH, A21e14epre HerisaenreH
TacbiIMangaHaTblH TacinAi asipneyae, o1 MaMaHZapfa Kainbl TEOPUANbIK TYXKbipbiMAaManapaaH TaxKipnbenik
wewimaepre eTyre MyMKiHAiK bepeai. Mymbicta bepinreH mogensi OananblK TEKCepyaeH OTKi3y, COHAan-ak,
MamMaHAapAblH npodeccnoHanablK AalblHAbIFbIH KOTEPY KIHE OHbl eHTi3YAi *KeHiNAeTY YIWiH MHTePaKTUBTI CaHAbIK,
KYpan »acay yCblHblAaabl.
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Co3paHue KOMMIEeKCHOM Teope'ruuecxoﬁ mogenun coxpaHeHUA apxeosorMyeckoro Hacneguma
B I10CI'IEKOH¢I1MKTHOM Upake

B nccnenoBaHMM, NOCBAWEHHOM COXPAHEHWUIO MPAKCKOrO apxeonormyeckoro Hacneaua B NMOCTKOHOAMKTHBIX
YCNOBUAX, PACCMATPMBAETCA TEOPETUYECKUI acnekT pelleHna 3Tok npobnembl. B pabote npumeHseTca
TEOPETUYECKUI CUHTES, BbINONHEHHbIM No meTogosiornn PRISMA (41 UCTOYHMK), a TaKKe TeMaTUYECKUI aHanu3,
KOTOpble N03BOAAOT 06 beANHUTL PA3PO3HEHHbIE AaHHbIE B KOHTEKCTHYIO MOAEb MPUHATUA PELIEHWUN, CneLmanbHO
a[anTUPOBAHHYHO K ycnoBuam Mpaka. MNpeanoxeHHaa Moaenb COOTHOCUT TEXHOIOTUM C NPAKTUYECKMMM 3aa4aMm
NMOCPeLCTBOM TPEX MHCTPYMEHTOB: MATPULLbl KTEXHONOMUA X OrPaHUYEHUAY; MaTPULbl «cLeHa X dasa BMeLlaTeIbCcTBa
X MPUOPUTETY; @ TAKKe MOPOroBON MATPULLbl AENCTBUIM, AONONHEHHON LWECTbIO ONepaLMOHHbIMU NpaBuIaMu B
dbopmaTe «ecnm — To — NOTOMY YTO» U AepeBOM pelleHUi. MonyyeHHble pe3ynbTaTbl MOKa3bIBAOT, YTO ANA Mpaka
Hanbonee 3pdeKTUBHBIMU ABNAOTCA ANCTAHLUOHHOE 30HAMPOBAHME U reoMHGOPMALMOHHbIE cUCTeMbl Biarogaps
WX AOCTYMHOCTM, 6e30MacHOCTM M MacluTabnpyemocTu, B TO BPEMSA Kak reopagap U 3D-CKaHMpOBaHMWe CTafIKMBatoTCA
C Cepbé3HbIMU OrpaHUYeHUAMU. IPPEKTUBHOCTb NMPUMEHEHUA TEXHOIOTUIA ONPEAENSETCA MNATbI0 K/YEBbIMU
dakTopamm: JoCTynom M 6e30MacHOCTbIO, YPOBHEM MUMEIOLLMXCA KOMMETEeHUUN, GU3NYECKON YSA3BMMOCTbLIO
0OBEKTOB, 3aKOHOAATE/IbHbIMU OrPaHUYEHWAMM U 3aTpaTamu/BpemeHemM. HayuHbIli BKAag wccnefoBaHMA
3aK/toyaeTca B pa3paboTke NepeHOCMMOro, OCHOBaHHOIO Ha A,0KA3aTENbCTBAX NOAXOAA, KOTOPbIV CBA3bIBAET dasbl
BMELLATENbCTBA C BbIGOPOM TEXHONOMMIA M NOKAZbHbIMU OFPaHUYEHUAMM, NO3BONAS CNELMANUCTAM NEPEXOSUTD
OT 06LLEeTEOPETUYECKUX KOHLENUMIA K MPaKTUYECKMM pelleHuam. B paboTe npeanaraetcd NpoBeCTU MONEBYHO
NpoBepKy NpeacTaBAeHHON MOAE/NN, A TaKKe CO34aTb MHTEPAKTUBHbIE LMPPOBbIE MHCTPYMEHTLI A8 0bneryeHms
eé BHeZpeHuUA 1 NOBbILEHUA NPOPECCMOHANBHOM NOATOTOBKM CNELMannCTOB.

Ona uutnposanmua: Hamodat, Anfal Azam, Tahir, Mazlan M., Hamzah, Zabidi. Co3gaHve KomnieKkcHoM
TEOPETUYECKON MOAENN COXPAaHEHUSA APXEO0/IOFMYECKOro Hacneaus B nociaekoHnMKTHOM Wpake. Apxeosoaus
KazaxcmaHa. 2025. Ne 4 (30). C. 90-109 (Ha aHrA. A3.).

DOI: 10.52967/akz2025.4.30.90.109

1 Introduction

Iragi archaeological preservation requires technological, governance, environmental, and community
interaction. Prolonged war, natural stressors like climate variability, and socio-political instability increase
the destruction of ancient monuments [Fatori¢ & Seekamp 2019]. Restoration and conservation projects
must use current non-invasive technologies for comprehensive analysis and to reduce site disruption. For
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documentation, geographical evaluation, and heritage management, GIS, GPR, and satellite imaging are
potential technologies. Integrating varied datasets like site-specific survey results and high-resolution
satellite images into GIS allows spatial analysis that can influence preservation priorities. Modern modular
GIS architecture allows analysts to undertake data management, spatial modeling, and vector-raster
integration in reproducible processes [Ivanov 2022: 3]. Such systems have shown adaptation in historic
contexts, integrating evaluations of tangible assets with environmental and social factors [Bilgin AltInoz et
al. 2023: 3]. Assessing Iraq’s fragile ancient environments, which face immediate devastation and long-term
degradation, requires flexibility [Al-Shammari 2024]. This research paradigm relies on organized decision-
making methods like the Analytic Hierarchy Process. AHP helps compare competing priorities by breaking
down the preservation challenge into technological feasibility, governance readiness, environmental
conditions, and community-linked values. This is especially important when financial or resource scarcity
forces trade-offs between saving high-value monuments or undertaking large-scale preventive stabilizing
measures [Al-Akkam 2013]. Governance methods for heritage protection are fragile. Public authorities in
Iraq, particularly Kurdistan, lack commitment to cultural heritage policy frameworks. Weak enforcement
has prevented stakeholders from working together and excluded local communities from conservation
planning [Amin, Adu-Ampong 2016]. This exclusion undermines legitimacy and diminishes local
knowledge mobilization, which is essential for managing threatened geographically scattered locations.
Municipal authorities must collaborate with national agencies, conservation institutions, and foreign
partners to strengthen these institutional processes [Al-Akkam 2013]. Structural defects may result from
climate change, making conservation decisions more complex and urgent. Global coastal archaeological
sites demonstrate how expert knowledge co-production can improve adaptation techniques [Fatorié,
Seekamp 2019]. Archaeological sites in Iraq, of all kinds and locations, greatly require the intervention of
climate scientists to make decisions, in addition to architects, archaeologists and urban planners. Let us
not forget the most important role of local communities in solving problems and creating highly balanced
interventions in anticipation of future risks. Remote sensing is efficient for large-area archeological
monitoring under such constraints. Other endangered archaeology documentation programs use systematic
grid-based surveys with satellite-derived data to quickly assess vast landscapes for disturbance records
before selective ground validation [Breen et al. 2022]. In Iraq’s huge desert plateaus and riverine plains
with tell mounds and ancient city remnants, broad-scale detection and tailored in-situ inspection improve
resource efficiency and informational integrity. Sustainability must be a priority throughout this process
because tourism might exacerbate historic environment vulnerabilities.

1.1 Theoretical Foundations of Archaeological Landscape Preservation

1.1.1 Theory of Cultural Landscape:

The idea of this theory stems from an understanding of the interrelationship between two important
factors: human culture and the material elements surrounding it, including them as tangible and intangible
components of value to the site This idea has transitioned from perceiving legacy as a distinct assemblage of
monuments to recognizing the cultural landscape as an integrated network that encompasses geographical
location, architecture, cultural practices, and collective memory [Haddad 2024]. Conservation theories seek
to amalgamate material factors with social and environmental values, emphasizing sustainable utilization
and adaptation to modern requirements while preserving historical integrity [Ahmed 2024].

Archaeology and heritage studies underscore the necessity of dual documentation of both physical
and non-physical site attributes, facilitating the establishment of conservation priorities, particularly in
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post-conflict regions like Iraq. Non-invasive methodologies, including radar and satellite imagery, enhance
effective and secure site monitoring [Al-Hamdani, Van de Ven 2022; Anderson 2023]. The approach
underscores the significance of incorporating local populations into the management process to foster a
sense of responsibility and empowerment [Zaina et al. 2021].

Notwithstanding the benefits of this comprehensive model, its implementation encounters numerous
challenges, including the difficulty of reconciling physical preservation with intangible cultural elements,
as well as the intricacies of governance and coordination among stakeholders in complex environments
such as Iraq [Haddad 2024; Abdul Huq, Puthuvayi 2024]. The program encounters deficiencies in
technical expertise and training, coupled with an expensive dependence on technology, alongside financial
sustainability risks and challenges in safeguarding data and heritage from commercial exploitation [Zaina
et al. 2021; Abdul Hugq, Puthuvayi 2024; Leventis et al. 2023].

Preserving the cultural landscape necessitates a meticulous equilibrium among environmental,
social, economic, and political factors, while utilizing technology and acknowledging that practical
implementation is shaped by local context, governance conditions, and available resources [Al-
Shammari 2024].

1.1.2 Heritage conservation principles

International agreements, such as those of ICOMOS since the sixties have framed the standards
of heritage preservation according to specific principles and standards, the most important of which are
authenticity and integrity, with attention to technical, ethical and procedural standards. A set with of policies
for managing these sites was created, as is the case in the HIA heritage impact assessment, by combining
it with sensitive initiatives for heritage development [Liang et al. 2023].

These principles adapt to environmental and social changes, directing restoration efforts based on
material criteria while acknowledging the site’s significance to contemporary society and incorporating
intangible aspects such as identity and memory into conservation strategies [ Abdul Huq, Puthuvayi 2024].
The global framework underscores the necessity of periodic data collection and systematic evaluation of
site conditions via mechanisms like interactive monitoring or UNESCO periodic reports. The efficacy of
these programs relies on the capacity of local organizations to catalog locations, assess difficulties, and
convert findings into concrete strategies [Al-Shammari 2024; Abdul Huq, Puthuvayi 2024].

Modern preservation has reinforced the idea of aligning tangible heritage such as buildings and
architectural remains with intangible heritage such as social traditions and customs to give importance
and authenticity to the physical environment. This equilibrium is crucial in regions such as Iraq, where
historic sites persist in collective memory. The bias in preservation processes that focus solely on physical
appearance can jeopardize the authenticity and permanence of the scene, potentially resulting in aesthetic
projects that lack the original essence of the location or clash with the values of the local community
[Haddad 2024; Zaina et al. 2021].

To attain genuine equilibrium, policies necessitate community engagement in conservation decisions,
through collaborative recording and the incorporation of local knowledge, including heritage names and
folklore, in asset inventories. Contemporary technology, including geographic information systems (GIS)
and drones, are utilized to precisely map both the tangible and intangible elements, as well as to connect
architectural buildings to areas of communal celebration or sacred routes [Anderson 2023; Zaina et al.
2021].

The international framework highlights the necessity of addressing governance issues, as the
success of policies is associated with the balance of power between central and local authorities, as well
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as the transparency and participation in the decision-making process [Jasim et al. 2018]. The inclination
towards large projects often overlooks small interventions that preserve intangible heritage. Therefore, it is
advisable to incorporate social and cultural evaluation criteria into quality matrices and funding decisions,
alongside technical criteria.

Adaptive and contextual conservation is fundamental to site protection; conservation measures
should be customized to the site’s environmental, social, and political characteristics, with ongoing
assessment facilitated by 3D digital monitoring tools and preventive laser scanning [Fatori¢ , Seekamp
2019; Pavelka Jr, Pacina 2023]. Advanced materials and nanotechnology contribute to the reinforcement
of sensitive structural elements while preserving their optical authenticity [Azizan et al. 2024].

The integration of three sustainability criteria, environmental, economic, and social is essential, as
the success of any conservation project necessitates the inclusion of all these dimensions. A restoration or
management plan is likely to fail if it does not achieve a balance between environmental safety, quality of
life, and the potential of the local community [Haddad 2024].

Securing financing for sustainability presents a considerable challenge. It should not be confined
to supporting physical restoration efforts; rather, it must encompass funding for community programs,
including oral documentation, craft education, and the enhancement of relationships between residents and
the site [Abdul Huq, Puthuvayi 2024].

In summary, contemporary heritage conservation principles encompass:

e Adherence to international technical and ethical standards;

e Community involvement and acknowledgment of intangible values;

e The implementation of adaptive conservation strategies that address environmental and socio-
political risks;

e The promotion of economic and social sustainability, focusing on the equilibrium between
preserving physical structures and maintaining the cultural vitality of the site [Fatori¢, Seekamp 2019;
Haddad 2024; Anderson 2023; Zaina et al. 2021; Liang et al. 2023].

1.1.3 Risk and Resilience Frameworks

This type of framework is of great importance in order to maintain the safety and authenticity of the
physical structure from risks, with the importance of assessing the fragility of the site as well as the effects
that can be expected to mitigate it, especially if related to risks such as earthquakes, war, and changing
climate problems [Leventis et al. 2023]. This process seeks to transition from reactive conservation
measures following damage to proactive preventive strategies, thereby enhancing the sustainability of the
archaeological and material value of sites [Fatori¢, Seekamp 2019].

Technology is essential for these frameworks; Geographic Information Systems (GIS), high-
resolution damage recording tools, and remote sensing platforms facilitate accurate risk mapping on large
scales while allowing detailed site-level analysis, thereby supporting effective planning of governors’
interventions [Leventis et al. 2023]. These tools facilitate ongoing documentation and enable predictive
modeling to identify locations needing urgent intervention to prevent significant damage.

In armed conflict contexts, risk management is complicated by direct damage from bombing,
looting, and sabotage, alongside secondary impacts like infrastructure collapse. This situation highlights
that heritage can be intentionally targeted to erase cultural symbols and collective identity, as observed
in numerous historical regions affected by conflict [Pinho et al. 2023]. Integrating risk assessments into
military operations plans and ensuring States’ commitment to international humanitarian law and cultural
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property protection conventions is essential for addressing these threats, despite practical challenges in
implementation [Pinho et al. 2023].

The application of drone and space survey technologies facilitates the documentation of
archaeological site conditions in hazardous regions, enabling the accurate differentiation between new
damage and pre-existing damage. This data integrates field information recorded by community networks
and non-governmental organizations, thereby enhancing monitoring capacity despite security constraints
[Breen et al. 2022; Anderson 2023; Izeta, Cattaneo 2023].

Climate change poses significant risks of degradation to archaeological sites in Iraq due to altering
weather patterns, as well as increased occurrences of floods and droughts. Climate change is degrading
materials and affecting soil, thereby endangering historical monuments particularly those constructed from
organic materials or located in humid environments due to accelerated decomposition [Fatori¢, Seekamp
2019; Westley, Andreou 2023]. Intelligent conservation employs databases derived from satellite imagery
and environmental data analysis, integrating local knowledge from communities capable of interpreting
and identifying climate events and their effects on heritage. Integrating scientific predictions with
heritage is important to guide priorities in integrated conservation that deals with all social, economic and
environmental dimensions together, based on the certainty that sustainability cannot be maintained without
the social and economic flexibility of the archaeological area [Haddad 2024]. Financing is a challenge
to sustainability as well as political and institutional coordination, especially in war zones [Abdul Hug,
Puthuvayi 2024].

Photogrammetry with laser scanning and the use of protective materials may enhance the site’s
resistance and maintain its authenticity [Pavelka Jr, Pacina 2023; Azizan et al. 2024]. Community vigilance
is enhanced through the participation of local community members in early detection of risks, which has
an impact on enhancing heritage preservation in the long term.

1.2 Fundamental Theoretical GAP:

The primary theoretical gap exists due to the lack of a comprehensive methodological framework
that directs the selection and application of modern technologies for the preservation of Iragi archaeological
landscapes, considering local constraints and conditions. While numerous studies examine the use of digital
technologies in heritage preservation, the majority concentrate on specific cases or diverse geographical
contexts, lacking a comprehensive decision-making framework that addresses the distinct complexities
of the Iraqi context [Aftabi, Bahramjerdi 2023; Balaban-Okten 2023]. The absence of literature results in
decision makers in this field lacking clear methodological tools necessary for making informed choices
regarding the most suitable technologies for specific situations.

What was found during the research was the absence of a critical approach in the current research
related to the features of archaeological landscapes, the necessary stages of intervention, and the techniques
appropriate for each stage. | found that the studies only study the technique, ignoring integration with other
influential factors. This oversight restricts the optimal advantages that can be gained from their combined
use [Hackenbroich et al. 2023]. These circumstances necessitate the development of a synthetic theoretical
approach that integrates knowledge of modern technologies with a comprehensive understanding of the
Iraqi local context, aiming to produce a practical decision framework [Czajlik et al. 2020].

To address the theoretical gap, the research will aim to create a framework for decision-making that
is contextually consistent with both techniques, implementation, and constraints at the same time in Iraq.
It represents a methodological tool for decision-makers when preserving a heritage to suit each case. This
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Fig. 1. A conceptual map of Iraqgi archaeological landscape management pressures, functions, limits, and
intervention patterns
1-cyp. NpaKTbiH, apxeonornanblk naHawadTTapblH 6ackapyFa acep eTeTiH pakTopAapaAblH KOHLENTyanabl KapTachl,
bYHKUMANAPDI, LIEKTeYNepi }KaHe apanacy cxemachbl
Puc. 1. KoHuenTyanbHasa KapTa GaKTOpOB, BAUAIOLLMX HA YIPaBAeHUE apXxeosormyecknm nanawadrom Mpaka,
bYHKUMI, OrpaHMYEHUI U CXEM BMELLATe/IbCTBA

research aims to “provide a distinct theoretical contribution by developing an analytical methodology that
can be applied to other contexts encountering similar challenges” [Ducke et al. 2014].

Figure 1 explains the conceptual model how four key factors affect Iraqi archaeological landscape
conservation efforts. These locations initially face armed conflicts, climatic change, urban expansion, and
looting. Second, current technologies must perform constant monitoring, exact recording, complex data
analysis, and different conservation methods. As for what is related to the elements of safety, along with
skill in using technology, benefiting from human resources, and the sensitivity of archaeological sites, as
a third determinant that may limit the options for safe intervention, then come the types of emergency
intervention, whether preventive, therapeutic, or to enable sustainability, in fourth place. To form an
interconnected network that influences decision-making.

The parts form a dynamic, interconnected network that influences decision makers’ policies. Stress
level and intensity determine the urgency and type of intervention needed, while restrictions limit the
range of functions that may be performed and the best techniques for each situation. To make conservation
plans successful and adaptable, this model shows that practical reality requirements and external influence
variables must be matched.
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2 Methodology

This study relies on the Synthetic Theoretical Review Methodology (Theoretical Synthesis
Review) as a comprehensive methodological framework for developing a contextual decision framework
that integrates modern technologies and practical constraints in the preservation of Iragi archaeological
landscapes. This methodology is characterized by its ability to collect and analyze scattered knowledge
from multiple sources and synthesize it into a coherent theoretical framework that can be applied practically.
Synthetic theoretical review differs from traditional systematic review in its focus on theory building and
developing conceptual frameworks rather than simply compiling empirical findings, making it particularly
suitable for interdisciplinary fields such as archacological heritage preservation [King, Rico 2024].

2.1 PRISMA Unified Pathway

A consistent PRISMA pathway was adhered to guarantee transparency and repeatability in the
source selection procedure. The approach commenced with a preliminary search of prominent academic
databases (Scopus, Web of Science, Google Scholar) utilizing the designated search criteria, resulting in
1.247 primary sources. Preliminary sorting criteria were implemented to eliminate duplicate and irrelevant
sources, resulting in a total of 1.089 sources. In the subsequent phase, comprehensive evaluation criteria
were employed to assess titles and abstracts, culminating in the selection of 346 sources for further analysis.
Ultimately, definitive selection criteria were employed on whole texts to yield 41 sources for analysis and
synthesis (see Table 1 and Figure 2).

Table 1 — Criteria for inclusion and exclusion
1-kecme — Kocy #caHe anbin macmay kpumepudiinepi
Tabauya 1 — Kpumepuu 8KA0YEHUA U UCKAYEHUSA

Criterion Included Excluded
Research on modern technologies for
archaeological legacy conservation, Research on intangible heritage,
Subject Scope archaeological landscapes, digital documentation, fine arts, museums, and unrelated
GIS, remote sensing, photogrammetry, GPR, and technologies
3D surveying
Research on Iraq or similar conditions (Middle | Research I!mlted_ to unique
Geographic Scope East, post-conflict, desert, conventional ocations (trgplcal C“r.nate’ modern
grap P Y ) )
construction materials) construction materials, stable
ecosystems)
Time Frame From 2010 to 2023, research focused on current Pre-2010 research, except crucial
studies from 2018 to 2023 references
Source Type Scholarly literature, peer-reviewed journals, Unreliable sources, blogs, and news
institutional publications, PhD dissertations platforms
Language Arabic, English, French Other untranslated languages
Methodological Research with clear methodologies, outcomes, Resgarch with unclear .
Quality and references methodologies, unsypported findings,
and no citations

KasakcmaH apxeosnozuscsl

Ne 4 (30) 2025

¥,

97




)

APXEO/10Irnis1 MOCE/IEJIEPI — ARCHAEOLOGY ISSUES — BOIPOCbI APXEO/1IOTNn

98

Records identified from*:
Databases (n =1098)
Registers (n =158)

v

Records removed before
screening:
Duplicate records removed (n
= 158)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

Records screened (n =1098)

Records excluded (n =743)

Y

(n =346 )

Reports sought for retrieval

A4

Reports not retrieved (n = 0)

(n=346)

Reports assessed for eligibility

Reports excluded:
Reason | relevant scope (n
=120)
Reason insufficient data (n =
95)
Reason low quality (n =85)

(n=41)
(n=41)

Studies included in review

Reports of included studies
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2.1.1 Research Methodology and Terminology

The research consisted of a set of basic archaeological terms in Arabic and English, as follows:

Archaeological landscapes — heritage preservation — digital documentation — geographic information
systems — remote sensing — photography — post-conflict heritage — Iraq — decision framework.

As for Arabic, it was— 4l sl leglaall adas — a8l g @l — & Al e Jalaall - 4 ) daplall lalial)
DA U] — (3 pad) — ) el 2y S A — (5 il 2 558l geall — 22y e Jladin¥) [ICCROM 2024] (see Table 2)

Table 2 — Viocabulary of terms
2-kecme — TepmuHOep ce30iei
Tabauya 2 — Ciosapb mepmMuHO8

Arabic Term English Term Operational Definition
. . Aunified physical and cultural entity with archeological
|kl . e
¢ Archaeological Landscape sites, ecology, and cultural activities
Gy e .. Geographic Information | A computer platform for collecting, analyzing, and
| el il sleall A . . 2 '
e o Systems (GIS) visualizing archeological site spatial data

A satellite or aircraft-based method for data collection
without personal contact.
. A method for creating three-dimensional models and
anaall | X
ell et Photogrammetry exact maps using photos
SIS Ground Penetrating Radar | Geophysical method using radar waves to locate
CEIT ORI (GPR) underground structures
G . A computerized method for precisely recording three-
Ll |
) O 3D Scanning dimensional object form and visual attributes
The technology’s suitability for a given limitation
(high/medium/low)
" The stated operational standard is used to support an
J 3l
pSall slu e Judgment Anchor assessment

2my e ladiinY) Remote Sensing

Al 5 sio Relevance Level

2.2 Process of Evidence Extraction

Asystematic strategy has been established to collect evidence from designated sources, encompassing
fundamental details about each source (author, year, research type, methodology) and theme material
(examined techniques, geographical context, principal findings, recommendations). Theoretical principles
and practical guidelines pertinent to the utilization of contemporary technologies in the conservation of
archaeological landscapes were also derived, emphasizing the problems and limitations inherent to the
Iraqi setting [Ntafotis et al. 2022; Sassolini, Cinini 2010], (see Table 3).

Table 3 — Evidence extraction
3-kecme — [lanendemenepdi any
Tabauya 3 — Mony4yeHue dokazamesnibcme

Extraction Element Description Example/Source Information

The author(s), publication year,
research type, and methodology Case Study, Mixed Methods
employed in the study
The geographical area studied and its Iraq; arid climate; traditional
environmental characteristics mudbrick construction

Author, Year, Study Type,
Methodology

Geographic Context
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End of table 3
3-KecmeHiH CoHbl
OkoHYaHue mabauybl 3

Extraction Element Description Example/Source Information

Digital technologies applied or Geographic Information

Studied Technologies proposed within the study Systems (GIS), Remote Sensing,
Photogrammetry
L. Principal d|§cover|e§, Interpretations, Effectiveness of remote sensing for
Key Findings and conclusions derived from the . o
archaeological monitoring
research
Identified Constraints L_|m|t_at|ons,_chalIenges, or obstacles Secun_ty issues, lack of specialized
highlighted in the study expertise
. Practical guidelines or suggestions for | Investment in local capacity-building
Recommendations . . .
implementation based on findings programs

Underlying theoretical frameworks or | Cultural Landscape Theory,

conceptual bases informing the study Principles of Heritage Conservation
Degree to which findings are
Relevance to Iragi Context applicable or transferable to the Iraqi High, medium, or low applicability

Theoretical Principles

archaeological context

2.3 Analysis and Synthesis

The retrieved material was evaluated through “Thematic Analysis” to uncover repeating patterns
and themes across various sources. The themes were further categorized into primary classifications:
attributes of various technologies, practical limitations pertinent to the Iraqi setting, phases of intervention
in archaeological landscape management, and criteria for decision-making. These categories are organized
within a cohesive theoretical framework that connects many parts and offers practical direction to facilitate
methodical and consistent decision-making.

3 Results

The suitability scores provided in this section should be interpreted within the defined constraints and
do not represent absolute preferences. The scores indicate the suitability of each technology for operation
under specific constraints in the Iraqi context, rather than the severity of the obstacles or the absolute
preference for the technology.

3.1 Techniques x Constraints Matrix

A synthetic analysis of the reviewed sources led to the creation of a comprehensive matrix that
connects five key technologies (GIS, remote sensing, Photogrammetry, Ground-Penetrating Radar (GPR),
3D scanning) with five key constraints impacting their application in the Iraqi context (access and security,
available skills, physical sensitivity, legislative framework, cost and time). (see Table 4).

3.2 Operational Anchors
e Accessibility / Security

o} High: Does not require direct access to the site; can be applied remotely.
o Medium: Requires limited access or application under security protection.
0 Low: Requires prolonged and direct presence on site.
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Table 4 — Techniques x constraints matrix with operational anchors
4-kecme — ddicmep x #cymoicrieH 6alinaHbicmel WeKmeyaep Mmampuyacsl
Tabauya 4 — MemoObi x Mampuua oepaHuYeHuli c paboyumu npussa3Kamu

. Access & Available Physical Legislative .
Technique Security Skills Sensitivity Framework | COoSt/Time
Geographic
Information Systems High High High Medium Medium
(GIS)
Remote Sensing High Medium High Medium High
Photogrammetry Medium Medium High High Medium
Ground-Penetrating .
Radar (GPR) Low Low Medium Low Low
3D Scanning Low Low Medium Medium Low

o Skills Available
o High: Locally available expertise, open-source tools, basic training sufficient.

Medium: Limited expertise requires moderate training.

Low: Rare expertise requires advanced training and specialized equipment.
Material Sensitivity

High: Non-invasive, does not affect archaeological remains.

Medium: Limited impact requires simple precautions.

Low: May involve direct contact or vibrations affecting remains.
Legislative Framework

High: No special permits required, consistent with current laws.

Medium: Requires limited or routine permits.

Low: Requires complex or unavailable permits.
Cost / Time

High: Affordable cost, rapid implementation.

Medium: Moderate cost requires preparation time.

Low: High cost, long execution time.

For example, GIS was rated Medium in the Legislative Framework dimension due to restrictions on

accessing high-resolution governmental datasets and licensing requirements. Similarly, its medium score
in Cost/Time reflects the need for a complex data pipeline and extended initial preparation (see Figure 3).

o

O OO ® OOO®®OOO0O * O

3.3 Landscape X Intervention Phase x Priority Matrix

A second matrix was developed to connect the “Types of Iraqi Archaeological Landscapes” with
the required intervention phases and the most suitable technologies for each phase, while indicating the
priority level and providing a rationale for each recommendation (see Table 5). Landscape x Intervention
Phase x Priority Matrix.
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Techniques x Constraints Matrix in the Iraqi Archaeological Context

o<
1 ®
o
pec®™ gV

GIS | 3 3

Remote Sensing |

Photogrammetry Medium

Suitability Level

3D Scanning

Low

Fig. 3. Techniques x constrains matrix in the Iraqi archaeological context
3-cyp. NpaKTblH, apXxeonornanblK KOHTEKCTIHAET WeKTeynep X agictep maTpuuachl
Puc. 3. MaTpuua MeTof0B X OrpaHUYEHU B MPAKCKOM apXeo/IorMYyeCcKOM KOHTEKCTe

Table 5 — Landscape x intervention phase x priority matrix
5-kecme — /laHOwagm x apanacy gpazacel x 6ACbIMObIK MAMPUYACHI
Tabauya 5 — /laHowagm x haza emewamenscmaa X Mampuya npuopumemos

; Recommended . .
Landscape Type Intervention Phase Technology Priority Level Rationale
. Promptly assess
Conflict-affected .
: Remote Sensing + . and record damage
landscaﬂzzl(jlr\;meveh’ Emergency Photogrammetry Very High to prevent further
loss.
Relatively preserved a'\r/llg ?]'é?irtgn%
landscapes (Ur, Preventive GIS + Remote Sensing High g t
Babylon) managemen
planning.
: Integrating
Environmentally . :
sensitive landscapes Integrative Remote Sensing + Medium environmental and
(Marshlands) UAVs archaeological
monitoring.
Complex urban Manage
landscapes (Historic Developmental GIS + Photogrammetry Medium urban heritage
Baghdad) sustainably
Remote sites (Anbar Remote Sensing + Possible
Desert) Exploratory GPR Low undiscovered sites.
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3.4 Thresholds and Actions Matrix

A third matrix was developed to define critical thresholds that necessitate specific interventions and
to identify the appropriate actions for each threshold, together with the logical rationale for the proposed
response (see Table 6).

Table 6 — Thresholds and actions matrix
6-kKecme — dpekemmep MeH MaIHOepP weai Mampuyacs!
Tabnauya 6 — Mampuuya nopo2o8bix 3HayeHul u delicmeuti

Critical Threshold

Indicator

Required Action

Rationale

Straightforward security
risk

Armed activity within
10 km

Apply Remote Sensing
only

Avoid exposing teams to
risk

Rapid deterioration

>5% structural loss per
year

Emergency
documentation
intervention

Preserve information
before total loss

Focus on open-source

Maximize efficiency with

Limited resources Budget < USD 50,000 tools minimal cost
. - Intensive capacity- Ensure long-term
Weak local expertise <3 local specialists building program sustainability

High material sensitivity

>70% mudbrick
composition

Avoid invasive techniques

Protect fragile
archaeological materials

Rare stability opportunity

>6 months of security
stability

Applying multi-
technology approach

Leverage window
for comprehensive
documentation

Exceptional historical
significance

World Heritage Site
designation

Conduct full historical
study first

Understand context before
technical intervention

Stratigraphic complexity

>5 archaeological
layers

Stepwise contextual
analysis

Avoid loss of stratigraphic
information

3.5 The Six Rules

“If-Then-Because”

Six decision rules were formulated based on matrix analysis. The six principles derived from rule-
based synthetic analysis: If-Then-Because statements are formulated based on the information derived from
the three matrices presented above. Each rule connects the characteristics of the archaeological landscape,
the stages of intervention, and the most suitable techniques, offering logical justification grounded in the
evidence derived from the preceding theoretical review (see Figures 4 and 5).

e Rule 1 — Security Priority: In areas classified as high security risk (e.g., reports of armed activity
within 10 km), remote sensing and GIS technologies are prioritized. These technologies offer optimal
suitability in terms of access and security, delivering extensive information without jeopardizing personnel
safety, as evidenced by the core matrix and local expertise.

¢ Rule 2 — Urgent Documentation: In cases where there is an urgent threat to the archaeological
landscape, defined as a loss of structure exceeding 5% per year, the primary objective is rapid documentation
utilizing drones and photogrammetry. These technologies offer an optimal combination of speed and
accuracy, demonstrating moderate suitability in terms of access and security, while exhibiting high
sensitivity to physical conditions. The methodology includes documentation of archaeological information.
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Rule 1
Security Priority

THEN remote sensing and GIS
IF High security risk & chnologies are prioritized

Rule 2
IF Loss of structure
Urgent exceeding 5% peryear  THEN Drones and holography
Documentation
=, 'Fm”nd“' THEN open-source tools and GIS
THEN Focus on remote sensing and
. IF high sensetive
Phy5|c::tl buiding materials % Moo 'i“‘t:cm““""f
Sensitivity
Rule 5 ’
THEN Use a multi-technology
IF Rare chance for
Lone-term security stability and SEg .t_?lwa;;dﬁm
& worldwide assistance [ Se0108ies nto By

planning

Rule 6
3 IF The archaeological  THEN Start historical and
Capal:lty m;;h:omaw mntmua;kmurdlbefou
Building

Fig. 4. Decision matrix defining the sequence of the decision tree
4-cyp. Wewimaep peTTiniriH aHbIKTaUTbIH WeLiMm MaTpuLachl
Puc. 4. MaTpuua pelleHui, onpeaenaowan nocief0BaTeIbHOCTb AepeBa peleHui

e Third rule: Limited Resources: When resources are limited, such as a budget of fifty thousand
dollars and the number of local specialists is less than three, priority is given to using open source with
geographic information systems. It can be complemented by training programs and is used to verify long-
term sustainability at the lowest costs, as shown in the threshold matrix and procedures.

e The fourth rule includes physical sensitivity: it is used in fragile locations while avoiding penetrating
GPR with imaging and remote sensing to protect the effects.

e Rule 5 — Long-term planning: In instances where a rare opportunity for security stability and
international support arises (defined as security stability exceeding six months with adequate financial
backing), a comprehensive multi-technology approach is implemented. This approach integrates all
available technologies according to their priorities into matrices, recognizing the rarity of such opportunities
in the Iraqi context. Its aim is to benefit from technical capabilities while creating a database of references
in the future.

e Rule Six: Capacity Building: If the site is a World Heritage Site and has a great stratigraphic
complexity of five or more archaeological layers, here we need a historical study with an analysis of the
context before any technical intervention.
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Sketch R-1: Verbal Heatmap of Suitability Levels WS High Suitability
Medium Suitability
Low Suitability

Gaographic Information
Systems (GIS)

Remote
(Satellite/Aerial}

Unmanned Aerial Meadi Medi Madi Madl Medl
Vehiclas (UAVS)

Penatrati
Al (G e Low Low Low Low Low
3D Laser S¢
mw‘n:qmm’ Low Low Low Low Medium
Findings:

* GIS shows highest oﬁ’mﬂ suitability (4/5 High ratings)

* Remote Sensing strong {3/5 High r: )

* UAVs de C level y across all co

+ GPR faces C in all ¢ categories
» 3D Scanning shows limited applicability except for capacity bullding

Techin, ‘onsiraint Analysis
Most Suftaile: GIS + nmrﬁhmhb"ﬁn& constraints
P UAVS across all op e
Greatest Limitations: GPR implementation barriers

Fig. 5. Technological suitability Iraqi archaeological heritage conservation heatmap
5-cyp. NpaKTbiH apXeonornanbiK MypacbiH CaKTayFa apHanfaH TEXHONOMUAbIK, KapaMAablabIKTbl
6afanayablH, Kby KapTachl
Puc. 5. TennoBas KapTa OUEHKM TEXHOIOTMYECKOM NPUTOAHOCTU A1 COXPAHEHMA
apxeonornyeckoro Hacneama Mpaka

4 Comparison of international frameworks

The developed framework, when compared to international frameworks in heritage preservation,
is characterized by its emphasis on the local context and the practical constraints inherent to post-conflict
regions. International frameworks like UNESCO and ICOMOS Guidelines emphasize general principles
and optimal standards; however, the developed framework offers practical solutions to real-world challenges
[Australia ICOMOS 2013; Australia ICOMOS 1999; ICOMOS 1964; 2003a; 20038; 2015; 2017; 2022;
2024; UNESCO and ICOMOS 2022; ICOMOS and ICCROM 2023].

The developed framework enhances international frameworks by offering an application mechanism
that considers local constraints while maintaining scientific standards. It is considered a valuable tool for
practitioners within complex environments by linking theory and practice

5 Recommendations:

The framework is applied at various levels, such as national strategic planning and operational
decision-making. The matrices prioritize technology investment and training at the national and site levels.
The rules and decision-making trees provide guidance for selecting the appropriate technology for each
site. While urging the establishment of international partnerships to receive technical and financial support
and develop a central database to document archaeological sites and their changes over time
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6 Conclusion

This research led to the creation of a detailed contextual decision framework aimed at integrating
modern technologies into the preservation of Iraqi archaeological landscapes. The framework comprises
three interconnected matrices, six operational rules, and a practical textual decision tree. This framework
offers practical solutions to the challenges encountered in heritage conservation within complex contexts,
including post-conflict regions.

The findings demonstrate that remote sensing and GIS technologies exhibit optimal suitability for
the Iragi context, whereas advanced technologies like ground penetration radar and 3D scanning encounter
significant application challenges. The research indicated that the effectiveness of technologies is notably
influenced by five fundamental constraints: access and security, available skills, physical sensitivity,
legislative framework, and cost and time.

Three key transferable principles:

e 15t Principle of contextual adaptation: It is essential to tailor advanced technologies to local
constraints and context-specific conditions instead of implementing standardized solutions.

» 2"9Principle of gradual integration involves initiating technologies that align closely with existing
constraints and progressively enhancing capacity towards more advanced technologies.

« 3" Principle is decision making using evidence using explicit, proven and operational decision
matrices to produce objective decisions.

Scientific contributions

The above study contributed to the field of preserving archaeological heritage of importance to
subsequent generations. Initially, establish a novel synthetic methodology that integrates theoretical analysis
with practical application via interconnected matrices. The framework provided by the study is specifically
designed for Iraqi archaeological landscapes to address their ancient constraints within war-affected areas.
Thirdly, to work on aligning functions with constraints, an evaluation framework was created with three
technical levels, which helped prepare a usable objective evaluation tool. Fourth: Transforming theoretical
analysis into practical guidelines that can be applied using six rules related to if, then, and now.

e Recommendations

The study proposes focusing on applied studies to evaluate the proposed framework within
archaeological sites, while updating digital tools with an interactive feature that enables the use of matrices
and decision trees, while conducting comparative studies within geographically different regions.

It is also recommended to develop these indicators in a practical way that can be applied within the
Iraqi context in particular and similar regions globally as well to evaluate their effectiveness and study
economic feasibility, with the possibility of studying and analyzing the costs and benefits desired from
them, while training the community on them.

e Limits and challenges

One of the most important limitations of the study that it suffered from was the security restrictions
with limited access to the archaeological sites and the dominance of elements from the Popular Mobilization
Forces and the military over many of them, which made the researcher resort to secondary sources to
address decision-making and generate a tool that enables the researcher to conduct a synthetic theoretical
review without direct field documentation.
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¢ Final summary

To address real challenges, our research provides a tool and framework that can be used in conflict-
affected environments within an academic scientific approach based on PRISMA as a filtering tool to
achieve the primary research objective of preserving archaeological landscapes by focusing on integrating
technology with context within approaches that take into account local and material constraints and
challenges while investing in capabilities and strengthening international relations.
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