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Article Info ABSTRACT

Article type: Background and Objective: This study aims to identify and analyze the
spatiotemporal patterns of mobility and deployment of extra-regional U.S.
naval units in Southwest Asia through a data-driven and integrative
framework based on statistical clustering analysis.

Methods: To achieve this objective, vessel position and timestamp data
covering the period 2021-2024 were collected from open-source Automatic
Identification System (AIS) feeds and Open-Source Intelligence (OSINT)
form: reports, cleaned, and processed using Python and QGIS environments. The K-

Means clustering algorithm was applied, with the Elbow and Silhouette
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T methods employed to determine the optimal number of clusters. Model
performance was assessed using the Davies—Bouldin Index and Silhouette

AL ) Coefficient (1.12 and 0.78, respectively), confirming strong separation and
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Strait, the Gulf of Aden, and the northern Indian Ocean. Temporal variations

Clustering K- within these clusters demonstrated significant correlations with regional
Means, security events, multinational naval exercises, and geopolitical developments.
gata '\f,","”?' Conclusions: The results indicate that spatiotemporal clustering serves as an
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advancing strategic foresight capabilities in defense and security planning.
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Extended Abstract

Background and objectives:

The geopolitical transformations of the last decade have significantly elevated the role of
maritime power in Southwest Asia, particularly in the Persian Gulf, the Strait of Hormuz, and
the Bab el-Mandeb Strait. These waterways constitute vital energy corridors, and the presence
of extra-regional naval forces, especially the United States Navy, has become a central factor
in shaping regional security dynamics. While previous studies have largely focused on
descriptive geopolitical analyses or technical monitoring of vessel traffic using AIS data, few
attempts have been made to integrate data-driven clustering techniques with geopolitical
theory. This study addresses this gap by applying the K-Means clustering algorithm to
spatiotemporal datasets of U.S. naval deployments, thereby linking empirical data mining with
strategic foresight. Unlike earlier works that emphasized either technical anomaly detection or
macro-level geopolitical narratives, this research provides a comprehensive framework that
bridges operational data analysis with theoretical interpretations of maritime power projection.

Methodology:

The research adopts a mixed-methods framework combining quantitative clustering analysis
with qualitative geopolitical interpretation. Vessel position and timestamp data covering 2021—
2024 were collected from open-source Automatic Identification System (AIS) feeds and Open-
Source Intelligence (OSINT) reports. Data preprocessing involved cleaning, normalization,
and geospatial mapping using Python and QGIS environments. The K-Means clustering
algorithm was employed to identify recurring spatiotemporal patterns, with the optimal number
of clusters determined through the Elbow and Silhouette methods. Model robustness was
validated using the Davies—Bouldin Index (1.12) and Silhouette Coefficient (0.78), confirming
strong separation and high-quality cluster formation. The research question—how U.S. naval
deployments shape regional security through recurring mobility patterns—was addressed by
integrating clustering outputs with geopolitical frameworks such as Mahan’s sea power theory
and critical geopolitics. This methodological design ensures both empirical rigor and
theoretical relevance.

Findings:

The clustering analysis identified six primary clusters of U.S. naval activity across Southwest
Asia and adjacent waters. These clusters were concentrated in: (1) the Strait of Hormuz, (2)
the Gulf of Oman, (3) the Bab el-Mandeb Strait, (4) the Gulf of Aden, (5) the northern Indian
Ocean, and (6) secondary deployments near the Red Sea.

Temporal analysis revealed that peaks in cluster density coincided with regional security
events, including multinational naval exercises (e.g. CTF-150 operations), heightened tensions
in the Strait of Hormuz, and asymmetric threats in the Bab el-Mandeb. The clustering outputs
demonstrated that deployments were not random but systematically aligned with geopolitical
developments. The results confirm that spatiotemporal clustering provides actionable insights
into naval mobility patterns. The identified clusters highlight both persistent hotspots and
episodic deployments, offering a predictive framework for monitoring future naval operations.

Discussion and Conclusion:
The findings underscore the utility of combining data mining techniques with geopolitical
theory. Unlike prior studies that focused solely on budgetary clustering of NATO expenditures
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or anomaly detection in AIS traffic, this research demonstrates that K-Means clustering can
effectively capture operational patterns of extra-regional naval forces. The integration of
empirical clustering with Mahan’s sea power theory reveals that U.S. deployments in strategic
chokepoints are consistent with long-standing doctrines of maritime dominance. Moreover, the
application of critical geopolitics highlights how naval movements are not merely operational
but also discursive acts reinforcing U.S. legitimacy in global maritime governance.
Nevertheless, limitations exist. AIS data may not fully capture classified military maneuvers,
and OSINT sources are subject to reporting biases. Future research should incorporate satellite
imagery and machine learning models beyond K-Means, such as DBSCAN or hierarchical
clustering, to refine detection of irregular patterns.

In conclusion, this study contributes a novel, data-driven framework for analyzing naval
deployments in Southwest Asia. By bridging empirical clustering with geopolitical
interpretation, it enhances foresight capabilities in defense planning and provides policymakers
with a predictive tool for anticipating maritime threats and opportunitie
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t pandas as pd
t numpy as np
m sklearn.cluster import KMeans
rom sklearn.preprocessing import StandardScaler
import matplotlib.pyplot as plt

data = pd.DataFrame({
tude': [25.1, 25.2, 26.0, 25.8, 24.9],
je': [55.1, 55.2, 56.0, 55.8, 54.9],
2 [19; 9,:15,°5.1 8]
I3}

scaler = StandardScaler()
scaled _data = scaler.fit_transform(data[[

kmeans = KMeans(n_clusters=3, random_state=42)
data['cl er'] = kmeans.fit_predict(scaled_data)

plt.scatter(data['longitude'], data['latitude'], c=data[’'cluster'], cmap='viridis
plt.xlabel('Longitude')

plt.ylabel( 'l e')

plt.title('K-Means Clustering

plt.show()

print(“Cluster Centers:\n", scaler.inverse_transform(kmeans.cluster_centers_))
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2 Speed (knots)

3 Timestamp
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5 Course / Heading

6 Silhouette Coefficient
7 Davies—Bouldin Index
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