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A B S T R A C T

In the era of data-intensive science, the complexity and volume of geospatial data have grown exponentially. 
Compared to traditional data sources, non-traditional sources are more complex and structured, necessitating 
sophisticated methods and a series of decisions to transform raw data inputs into usable and actionable data 
products. This Special Issue, “Sustainable geospatial analytics and geoinformatics with repeatable, reproducible, 
and expandable (RRE) framework and design,” brings together a collection of seven pioneering papers that 
address the critical need for consistency and transparency in geospatial research. These studies explore diverse 
domains, including explainable machine learning, disaster risk assessment, urban ecological health, infectious 
disease control and scientific workflow management. Collectively, they advocate for the adoption of an RRE 
framework to ensure that results can be verified and reproducible across different environments and expanded 
with new data or methodologies. By integrating visual programming, service-oriented strategies, as well as 
Findable, Accessible, Interoperable, and Reusable (FAIR) principles, the featured research lowers technical bar
riers for non-experts while enhancing the robustness of complex models. This editorial synthesizes the contri
butions of these papers, highlighting how they foster a sustainable and collaborative geospatial knowledge 
ecosystem. This collection serves as a roadmap for the next generation of geoinformatics, where transparency 
and flexibility are foundational to addressing global environmental and social challenges.

1. Introduction

Like many others, the fields of geospatial analytics and geo
informatics are currently navigating a “reproducibility crisis,” where the 
lack of process transparency often hinders the verification and reuse of 
scientific findings. Modern geoprocessing often involves intricate chains 
of data manipulation, parameter tuning and computational modeling 
that are difficult for peer scientists to reconstruct. To address these 
hurdles, the concept of Repeatability, Reproducibility and Expandability 
(RRE) have emerged as fundamental pillars for sustainable scientific 
development (Arribas-Bel et al 2021; Nelson et al., 2025). Repeatability 

ensures that the same researchers can achieve consistent results using 
the same data and methods. Reproducibility allows different researchers 
to obtain identical conclusions using the original data and methods. 
Expandability provides flexibility to adapt existing workflows to new 
data, variables, or geographic regions. These principles are essential for 
transitioning from isolated studies to a cumulative, structured body of 
geographic knowledge. This Special Issue showcases how the RRE 
framework can be applied across various geospatial domains from 
monitoring urban vegetation productivity to optimizing pandemic mass 
testing to create scientific tools that are not only powerful but also 
trustworthy and adaptable.
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2. Synthesis of RRE frameworks in geospatial analytics

To provide a coherent understanding of the advancements presented 
in this Special Issue, the following synthesis is organized into three 
progressive themes: computational infrastructure and standardized 
workflows, advanced analytical modeling for complex spatial phenom
ena, and sustainable domain-specific applications. We first examine the 
structural foundations, such as FAIR-oriented management systems, 
visual programming, and action-based tracking that facilitate the tech
nical execution of RRE principles. Building upon this scaffolding, we 
analyze methodological innovations in explainable machine learning, 
compound hazard assessment and mobility-based sampling, which 
ensure that complex geoprocessing remains transparent and adaptable. 
Finally, we demonstrate how these frameworks are applied to critical 
sustainability challenges, including urban carbon sequestration, 
pandemic control and disaster resilience, thereby bridging the gap be
tween theoretical geoinformatics and real-world policy impact.

2.1. Foundations of reproducible infrastructure

A primary hurdle in geospatial research is the “technical barrier” that 
prevents peer scientists from accurately recreating complex computa
tional environments. The papers in this collection address this by 
shifting focus from isolated code to comprehensive, service-oriented 
workflows.

Hu et al. (2025) lead this shift by introducing a FAIR-oriented geo
spatial Workflow Management System (WfMS). Their logic dictates that 
for a workflow to be truly reproducible, every component, including 
data, tools, and processes, must be Findable, Accessible, Interoperable, 
and Reusable (FAIR). By integrating the Common Workflow Language 
(CWL) and Docker containers, they ensure that workflows are platform- 
independent and that software dependencies are encapsulated, elimi
nating the “it works on my machine” syndrome. This architectural rigor 
is mirrored by Zhu et al. (2023) who propose a strategy to reproduce 
computational processes by tracking researchers' actions online. Instead 
of just sharing static results, they decompose research into node-link 
ensembles, where action nodes represent specific resource interactions 
(e.g., data preprocessing or model selection) and logical links represent 
the procedural sequence. This allows peer scientists to re-execute exact 
dataflows through the OpenGMS platform, ensuring consistency in 
output even when models are heterogeneous.

Complementing these backend systems is the drive toward democ
ratizing geospatial science through visual programming platforms. Liu 
et al. (2024) demonstrate how the “Geospatial Analytics Extension for 
KNIME” can elevate the RRE framework by replacing textual coding 
with intuitive, node-based graphical interfaces. Their 4E approach 
“Examine Innovation, Engineer Workflow, Establish Nodes, and Embed 
Structure” provides a systematic pathway for transforming individual 
research innovations into a shared “Geospatial Knowledge Tree”. This 
logic ensures that complex spatial accessibility models, such as the 
Generalized Two-Step Floating Catchment Area (G2SFCA), can be 
standardized and expanded by researchers who may lack an extensive 
programming background.

2.2. Methodological innovation for complex geospatial analysis

Beyond infrastructure, the RRE framework requires analytical 
methods that remain robust and interpretable when applied to non- 
linear and high-dimensional data. Liu (2024) addresses the interpret
ability of GeoAI by proposing the XGeoML ensemble framework. The 
core logic here is that while traditional models like GWR capture spatial 
heterogeneity, they often fail to decode non-linear interactions between 
geographical features and explanatory variables. By merging local 
spatial weighting with Explainable AI (XAI) tools like SHAP and LIME, 
XGeoML allows researchers to not only predict outcomes but also verify 
the spatial mechanisms behind them. This focus on parameter 

uncertainty and model comparison is essential for the “Reproducible” 
pillar of RRE, as it forces researchers to cross-validate results across 
different ML algorithms.

Similarly, Zhou et al. (2025) tackles the complexity of compound 
natural hazards through the ComHazAsTC-RRE model. Their logic em
phasizes that traditional single-hazard assessments lead to an underes
timation of risk during events like tropical cyclones. By utilizing a C- 
Vine Copula structure, the framework accurately models the integrated 
dependencies of wind, rain, and storm surges. To maintain expand
ability, the model is built entirely on globally accessible datasets (like 
GSOD and GTSM) and open-source code, allowing the framework to be 
applied to different coastal regions worldwide.

In the realm of public health, Zhang et al. (2024) introduce a 
repeatable framework for optimizing infectious disease detection. The 
logic focuses on using human mobility and Point-of-Interest (POI) data 
to inform spatial sampling. By developing metrics like Case Flow In
tensity (CFI) and Case Transmission Intensity (CTI), the study proves 
that targeting high-risk communities based on movement patterns is 
significantly more efficient than simple random sampling. This frame
work is inherently expandable, offering a scalable solution for contain
ing future outbreaks by prioritizing resources in densely populated 
urban environments.

2.3. Sustainable domain applications

The ultimate goal of the RRE design is to support sustainable 
development through consistent and scalable geoinformation. Chen 
et al. (2024) demonstrate this by providing a multi-source data-driven 
estimation of urban Net Primary Productivity (NPP) in Wuhan. Their 
improved CASA model logic accounts for the unique fragmentation of 
urban landscapes by excluding impervious surfaces like roads and 
buildings. By integrating Sentinel-2 remote sensing with high-resolution 
meteorological data, they provide a repeatable method for monitoring 
carbon sequestration. This research directly supports carbon neutrality 
strategies, illustrating how RRE-compliant models can provide the 
technical backing needed for long-term ecological planning.

Across all seven papers, the logic remains consistent: sustainability in 
geoinformatics is achieved through transparency. Whether it is simu
lating flood runoff in the Wangjiaba basin using reproducible service- 
based models or evaluating healthcare accessibility in Oklahoma 
through FAIR-compliant workflows (Hu et al., 2025), these studies 
prove that a standardized, expandable design is the key to transitioning 
from fragmented data to cumulative, reliable geographic knowledge.

3. Challenges and future directions

Despite the significant advancements highlighted in this Special 
Issue, key fundamental challenges persist in the pursuit of a fully sus
tainable and RRE-driven geospatial ecosystem. One of the most promi
nent obstacles is the technical and knowledge barrier that restricts 
accessibility for researchers and practitioners, versed in this domain and 
interdisciplinary audiences. The literature consistently highlights that 
the rapid expansion of geospatial data and emergence of complex “black 
box” machine learning models often require steep learning curves and 
advanced coding skills (Wang et al., 2024; Liu et al., 2025). Even when 
tools are shared, the rebuilding of environmental dependencies, such as 
specific operating systems, library versions, and software configura
tions, remains a daunting task that frequently leads to reproducibility 
failures. Furthermore, the rapid pace of geospatial knowledge expansion 
creates a synthesis dilemma, where the sheer volume of fragmented 
tools and models makes it difficult to structure knowledge into an 
intuitive and accessible knowledge collection for the broader scientific 
community.

A second major challenge concerns data quality, uncertainty and 
computational scalability. The accuracy of sophisticated models, such as 
the CASA model for urban productivity or XGeoML for spatial 
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heterogeneity presented in our Special Issue, is heavily dependent on 
high-quality, high-resolution input data. However, researchers often 
encounter data gaps and sparsity, particularly in less-developed or high- 
altitude regions where meteorological stations are limited; in areas 
frequently obscured by cloud cover in satellite imagery; or in regions 
impacted by conflict or natural disasters which have restricted access 
but where timely information is essential to inform humanitarian efforts 
(Iradukunda et al. 2025; Pietrostefani, et al. 2025). Additionally, as 
models move toward higher-dimensional dependencies, they encounter 
the “curse of dimensionality” and massive computational demands. 
Current systems often lack the scalability to support these computation- 
intensive workflows on a global or real-time scale, calling for more 
robust infrastructure (Rowe, 2023).

Finally, the field of geospatial sciences has been challenged by 
achieving interoperability, standardization and best practices (Nelson 
et al., 2025; Gu et al. 2025). While many powerful platforms exist, they 
often rely on proprietary frameworks or specific standards that are not 
easily shared across different systems. This fragmentation hinders the 
seamless exchange of model resources and prevents the construction of 
complex, cross-disciplinary workflows. Even in open-source environ
ments, there is often a lack of process transparency. Documenting the 
exact sequence of a researcher's actions and interactions with data re
mains inconsistent, making it difficult for peer scientists to verify and 
rely on previous findings with absolute confidence.

To facilitate new research ideas and address these hurdles, specific 
future directions can be further explored. First, the integration of 
generative AI (GenAI) and autonomous geospatial science presents a 
transformative opportunity to democratize geoinformatics (Wang et al., 
2024). Future research should explore using large language models 
(LLMs) to automate the development, execution and documentation of 
geospatial workflows (Li and Ning, 2023). By allowing users to design 
complex spatial analyses through natural language or intuitive in
terfaces, the barrier to entry can be significantly lowered, while AI- 
generated documentation can ensure that every step of a study is cit
able and transparent. This shift toward autonomous Geographic Infor
mation System (GIS) could serve as a vital bridge between high-level 
theory and practical, repeatable execution.

Second, there is a critical need to transition toward cloud-native 
architectures and containerization to ensure scalability and environ
ment independence. Future RRE frameworks should encapsulate soft
ware dependencies, ensuring that workflows can be executed seamlessly 
across diverse computing environments, from personal desktops to high- 
performance clusters. Expanding current infrastructures into distributed 
computing clusters will allow for the parallel execution of massive tasks, 
such as high-resolution carbon monitoring or global-scale pandemic 
modeling, making sustainable geoinformatics truly scalable.

Third, the field should advance towards holistic error checking and 
multi-source validation tools. As research increasingly relies on the 
fusion of remote sensing, ground observations, and mobility data, un
derstanding how errors propagate through integrated models is essential 
(Huang et al., 2024). Developing automated tools that track error origins 
and conduct validation studies between initial and reproduced outputs 
will enhance the scientific rigor of RRE frameworks. By prioritizing 
these directions, geoinformatics can transition from a collection of iso
lated studies to a collaborative, transparent, and resilient knowledge 
ecosystem capable of addressing global sustainability challenges.

4. Conclusion

The papers within this Special Issue collectively signal a paradigm 
shift toward more sustainable and transparent geoinformatics. By 
aligning geospatial analytics with the Repeatable, Reproducible, and 
Expandable (RRE) framework, researchers are ensuring that their work 
is not merely a static publication but a living, adaptable resource. The 
integration of FAIR principle and service-oriented architecture provides 
the necessary scaffolding to build a collaborative scientific community 

where data and models can be verified and improved by peers around 
the world. As we move forward, the focus must remain on reducing 
technical barriers and standardizing workflows to ensure that the 
powerful tools of GeoAI and spatial simulation are available to address 
the urgent environmental and social challenges of our time. The studies 
presented here prove that when we prioritize transparency, we do not 
just make science more reliable, but we make it more resilient and 
sharable.
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