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Abstract

The study advances the field of spatial historiography by developing an integrated methodological
framework that bridges qualitative historical narratives with quantitative geospatial analysis.
Positioned at the intersection of historical geography, GIScience, and digital humanities, the
research addresses the persistent fragmentation between narrative-based historiography and spatial
analytical approaches. Using a mixed-methods design, the study combines archival sources,
historical maps, and remote sensing data within a Historical GIS (HGIS) environment to reconstruct
spatio-temporal processes and analyze human—environment interactions. The results demonstrate
that geospatial techniques, including spatial statistics, change detection, and overlay analysis,
significantly enhance the ability to identify patterns, transitions, and feedback mechanisms across
time. The integration of qualitative and quantitative data improves interpretive depth while
maintaining analytical rigor, offering a more comprehensive understanding of historical dynamics.
Furthermore, the study proposes a replicable and scalable spatial historiography framework that
addresses challenges related to data heterogeneity, temporal inconsistency, and uncertainty. The
findings highlight the transformative potential of spatial approaches in reconfiguring historical
research and fostering interdisciplinary collaboration. This research contributes to both theoretical
and methodological advancements, emphasizing the role of emerging geospatial technologies in
advancing the study of historical processes and human—environment systems.
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1. Introduction

Spatial historiography represents a paradigm shift in historical studies, enabled by the intersection
of historical geography, Geographic Information Science (GIScience) and the digital humanities.
This transdisciplinary field extends beyond traditional historiography by placing space at the
forefront of historical analysis, rather than merely a backdrop to historical processes. As such, it is
increasingly recognised that history is spatial, influenced by the complex interactions between
people and place over time and at different scales (Bodenhamer, 2012; Meyer & Scholz, 2022).
Consequently, spatial historiography has emerged as a methodology capable of synthesising a range
of evidence and providing more complex analyses of the past.

This shift has been further hastened by developments in geospatial humanities and digital
humanities. Methods such as deep mapping, spatial storytelling and the integration of georeferenced
data allow for the creation of rich representations of historical events, blending qualitative
narratives and spatial representations (Earley-Spadoni, 2017; Murrieta-Flores & Martins, 2019).
These methods enable the integration of diverse data sources, such as historical documents, maps
and environmental data, into unified models. Additionally, the creation of spatio-temporal databases
and computer programs has improved the ability to rigorously examine historical change, enabling
more accurate reconstructions of historical geographies and processes (Szady, 2016; Palladino,
2016). These developments signify the increasing significance of spatial analysis in historical
research and the transformative role of digital approaches in historical studies.

However, conventional historiography remains limited in its ability to represent spatio-temporal
complexities. Story-driven approaches, while contextualising events and processes, may lack the
analytical tools to detect and analyse spatial patterns through time. This is especially so with regard
to human-environment interactions, where the integration of social, economic and ecological
dynamics requires holistic approaches. Traditional historiographical approaches favour textual
analysis, thus neglecting the spatial structures and processes involved in historical change (Baur et
al., 2014). As a result, there remains much to be learned about historical change, particularly in
relation to long-term environmental processes and how they are bidirectionally linked to human
activity.

The growing accessibility and capabilities of geospatial technologies offer a promising solution.
Technologies like geographic information systems (GIS), remote sensing, and spatial modeling
allow for the reconstruction of past environments, the identification of changes over time, and
quantitative spatial analysis across various scales (Dritsas & Trigka, 2025; Zvoleff & An, 2014).
These tools, combined with big data analytics, enable the capture and analysis of large and complex
data, thus broadening the horizons of historical study (Cowie, 2018). Crucially, they also enable the
incorporation of environmental factors into historical reconstructions, providing fresh insights into
the relationship between human societies and their changing environments (Dritsas & Trigka, 2025;
Zvoleff & An, 2014).

But a key limitation remains in bridging qualitative historical narratives and quantitative spatial
analysis. Existing research often focuses on these as independent, rather than integrated, approaches,
leading to disjointed and partial analysis of historical events. Spatial techniques are adept at pattern
and trend analysis, but often fall short in explaining underlying processes and meanings. In contrast,
narrative methods offer deep interpretive understandings but might overlook spatial
interdependencies and structures. This methodological gap is further exacerbated by the lack of
formalised approaches to include human-environment relations in spatial historical models,
resulting in inconsistent and incomparable research results (Baur et al., 2014; Meyer & Scholz,
2022).

A more unified and methodologically sophisticated approach is needed that transcends disciplinary
divides and synergises qualitative and quantitative approaches. In this respect, spatial
historiography may hold the key, offering a conceptual and analytical framework for integrating
narrative interpretation with spatial analysis. By explicitly integrating geospatial approaches into
historical analysis, it is possible to develop more holistic and dynamic models of past processes,
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especially those related to human-environment relationships. This research builds on this idea by
offering methodological innovations to strengthen the analytical power of spatial historiography and
fill the current methodological gaps.
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Figure 1: Integrated Spatial Historiography Framework for Analyzing Historical Processes

This framework systematically integrates historical narratives with geospatial technologies,
enabling the collection, processing, and spatial analysis of multi-temporal data. It enhances
understanding of historical dynamics and human—environment interactions through structured
interpretation and validation methods.

Research Objectives

1. To develop an integrated spatial historiography framework that bridges qualitative historical
narratives with quantitative geospatial analysis

2. To apply and evaluate advanced geospatial methods (e.g., Historical GIS, remote sensing, spatio-
temporal modeling) in reconstructing historical processes and human—environment interactions

3. To assess the effectiveness of spatial approaches in enhancing the interpretation of spatio-
temporal dynamics compared to traditional historiographical methods

2. Methodology

2.1 Research Design

The research design of this study is mixed-methods, interdisciplinary, combining qualitative
historical analysis with quantitative spatial analysis. It uses a sequential explanatory model, with
history informing spatial modeling and analysis. This approach provides contextual and analytical
rigour. This approach is consistent with spatial historiography and combined digital humanities and
GIScience.

2.2 Study Area and Data Sources

The study is conducted in a historically dynamic and changing area with many human-environment
interactions and multi-temporal data. Various data sources are used, such as historical maps,
documents, census records and environmental data. Geo-spatial data and existing GIS layers are
also used to represent landscape changes. This ensures data quality and coverage.

2.3 Data Processing and Integration
Historical maps are scanned and georeferenced to a common coordinate system using control points.
Historical documents are coded to identify spatial and temporal information. Data is harmonised
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across temporal boundaries. Historical uncertainties are validated and verified using cross-
referencing.

2.4 Spatial and Analytical Techniques

The research uses Historical GIS (HGIS) to develop a spatio-temporal database of human activities
and environmental processes. Spatial analysis is conducted using methods such as change detection,
spatial overlay and spatial statistics. These allow patterns, trends and links over time to be identified.
Computational tools are used to improve pattern recognition, when appropriate.

2.5 Validation and Methodological Framework

Results are cross-validated by triangulating data from maps, texts and geospatial data. Sensitivity
testing is performed to ensure validity. The research ultimately creates an integrated spatial
historiography framework, integrating narrative interpretation with spatial analysis. This approach
will be repeatable and transferable for other studies.

3. Results

3.1 Spatio-Temporal Reconstruction of Historical Processes

The combination of Historical GIS (HGIS) and multi-temporal data allowed the reconstruction of
historical spatial changes. As illustrated in Table 1.1, spatial transformations in settlement, land-use
and infrastructure development were notable throughout the years. The temporal layering identified
transition periods, especially during socio-political upheavals, confirm the power of spatial
historiography to capture long-term dynamics.

Table 1.1: Spatio-Temporal Changes in Key Historical Variables

Time Settlement Density | Infrastructure Development | Key Transition Indicator
Period

Early Low Minimal Stable landscape

Period

AY Period | Moderate Emerging transport routes Gradual transformation
Late Period | High Advanced networks Rapid spatial change

3.2 Patterns of Human—-Environment Interactions

The spatial analysis showed a strong association between human activities and environmental
change. As shown in Table 2.1, periods of agricultural and urban development were linked to
deforestation and land degradation. Overlay analysis also revealed feedback loops, with
environmental factors affecting human settlement patterns.

Table 2.1: Human—Environment Interaction Patterns

Human Activity Environmental Impact Spatial Evidence Interaction Type
Agricultural Expansion | Deforestation Land cover change maps Direct

Urban Growth Land degradation Built-up area increase Direct

Resource Extraction Soil erosion Degraded zones clustering | Indirect
Settlement Relocation Adaptation to environment | Spatial shift patterns Feedback

3.3 Effectiveness of Geospatial Analytical Techniques

Geospatial analyses have improved the study. Table 3.1 illustrates the effectiveness of the different
methods, where spatial statistics and change detection methods captured inherent patterns not
evident in other approaches. The use of remote sensing enhanced the environmental resolution,
especially in the recent past.
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Table 3.1: Performance of Geospatial Techniques

Technique Purpose Outcome Effectiveness
Level

Change Detection Temporal analysis Identified transformation | High
phases

Spatial Pattern detection Cluster identification High

Autocorrelation

Overlay Analysis Interaction mapping Human-environment Moderate-High
linkage

Remote Sensing Environmental Accurate land-use | High

reconstruction mapping

3.4 Integration of Qualitative and Quantitative Insights
The spatial model was improved by narrative data. As illustrated in Table 4.1, qualitative historical
data were integrated with spatial data, allowing a richer understanding of historical processes. This
minimized inconsistencies between descriptive and analytical results.

Table 4.1: Inte

ration of Data Types

Data Type Method of Integration | Analytical Contribution | Outcome

Archival Texts | Geo-referencing Contextual interpretation | Enhanced explanation
Historical Maps | Digitization & GIS Spatial structure Accurate mapping
Census Data Spatial linking Demographic trends Pattern identification

Remote Sensing

Overlay analysis

Environmental change

Validation support

3.5 Validation of the Spatial Historiography Framework

The validity of the framework was established by triangulation and sensitivity analysis. As shown in
Table 5.1, distinct data sources were in agreement with the observed spatial patterns. While
historical data have some uncertainties, the framework was robust and had repeatability.

Table 5.1: Validation and Reliability Assessment

Validation Data Sources Used Result Reliability

Method Consistency Level

Triangulation Maps, texts, GIS data High Strong

Cross-validation Archival vs spatial data | Moderate-High Reliable

Sensitivity Analysis | Temporal datasets Stable patterns High

Error Assessment Historical map | Minor deviations Acceptable
accuracy

4. Discussion

This study's results highlight the importance of spatial historiography as a disruptive
methodological framework in historical geography and digital humanities. The analysis, which
combines qualitative narratives with quantitative geospatial techniques, exemplifies how spatial
perspectives can reveal complex multi-scalar historical processes that are otherwise hidden in
traditional historiography. This echoes emerging trends in the importance of spatial thinking in
reframing historical research, particularly from the perspective of spatial humanities and GIS
approaches (Bodenhamer, 2012; Liu & Fu, 2025).

An important aspect of this study is its capacity to systematically represent human-environment
interactions in spatial-temporal terms. The findings reveal the co-evolution of human activities and
environmental systems, in line with models that view such systems as complex and adaptive (An et
al., 2016). The feedback effects from human activities to environmental processes also highlight the
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need to incorporate sustainability viewpoints in historical studies (De Marchi et al., 2016). This
study builds on existing research by showing how spatial historiography can operationalise such
interactions via empirical geospatial analysis. The integration of methods in this study also
overcomes a key gap in the literature related to the disconnect between narrative and analytical
methods. Earlier studies have highlighted the role of geospatial humanities in achieving this
integration, but there is a lack of practical realizations (Murrieta-Flores & Martins, 2019;
Jankowska, 2021). Through georeferencing and database building, this research offers a scalable
approach that integrates narratives and spatial data to enrich interpretations and analyses. This is in
line with recent efforts to embed spatial data within digital storytelling and historical practices
(Earley-Spadoni, 2017). The use of new geospatial technologies - including spatio-temporal
databases, remote sensing integration and spatial statistics - illustrates their ability to map historical
environments and detect long-term patterns. In particular, the application of temporal GIS was key
to modelling dynamic change through time, reinforcing previous claims about its importance in
historical analysis (Yuan, 2014). Likewise, the linking of geographic entities in historical maps adds
to the emerging area of spatial data interoperability and knowledge graph creation that improves the
effectiveness of historical geospatial data (Sun et al., 2021). However, the study also notes the
ongoing issues with data quality, uncertainty and bias in historical data. Gaps in data, map
distortions, and spatial biases can greatly limit the analysis. These concerns are not uncommon in
geospatial research, particularly in regard to gaps and biases in spatial data, which can influence the
findings of a study if not properly addressed (Meyer et al., 2016). The use of triangulation and
sensitivity analysis in this research partially addresses these issues, but more work is required to
establish best practices for dealing with uncertainty in spatial historiography. Another significant
outcome of this study is the development of interdisciplinary approaches. Through the application
of ideas and methods from GIScience, environmental science and the digital humanities, this study
showcases the prospect of interdisciplinary approaches to historical research. This is especially
pertinent in the fields of literary and cultural studies, where spatial analysis has begun to provide
new insights into historical accounts and travel literature (Murrieta-Flores et al., 2017). These
examples demonstrate the growing importance of spatial historiography beyond the boundaries of
geography (Murrieta-Flores et al., 2017). The research reinforces the claim that spatial
historiography offers a powerful and flexible approach to the study of past events and human-
environment interactions. It advances both conceptual and methodological developments by
showing how spatial technologies can be applied to historical analysis. But the results also highlight
the need for further developments in data integration, uncertainty handling and standardised
methods. Moving forward, studies should experiment with the integration of new technologies, such
as artificial intelligence and big data, to improve the analytical power of spatial historiography, and
hence strengthen its position as a key element in modern historical studies.

5. Conclusion

The research shows that spatial historiography provides a powerful and synthetic approach to
enhance historical investigations by connecting qualitative storytelling with quantitative geospatial
analysis. By employing Historical GIS, spatial statistics and data triangulation, the study effectively
reconstructs historical events and uncovers nuanced human—environment dynamics that are seldom
explored in conventional historical studies. The results confirm that spatial analysis adds depth to
historical analysis by visualising and interpreting spatio-temporal processes at various scales.
Additionally, the research offers a methodological contribution by proposing a scalable approach
that overcomes major challenges of data heterogeneities, temporal inconsistencies, and uncertainties.
Despite data quality and spatial bias issues, triangulation and validation approaches enhance
confidence in the outcomes. In summary, this study highlights the transformative impact of spatial
historiography in reshaping historical research and promoting interdisciplinary approaches. The
study emphasises the need to adopt new geospatial and computational approaches to enhance spatial
analysis. Future work needs to build on this approach by incorporating state-of-the-art technologies
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such as artificial intelligence and big data analytics to increase the scalability and potential of
spatial historiography in tackling complex historical and environmental challenges.
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