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Abstract: The fields of transport geography, planning, and economics are fundamentally
built upon three interconnected yet conceptually distinct terms: transport system, transport
complex, and transport infrastructure. Despite their pervasive use, these concepts are often
employed interchangeably in policy documents and applied research, leading to methodological
ambiguity. This article provides a rigorous scientific interpretation of these three concepts by
tracing their theoretical evolution from classical systems theory to contemporary spatial
economics. Through a comparative analysis, this study delineates the hierarchical and functional
relationships among the constructs.
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Introduction

The lexicon of transport studies is characterized by a triad of terms that form the backbone
of any scholarly or practical discussion: the transport system, the transport complex, and the
transport infrastructure. These concepts are not merely semantic alternatives; they represent
distinct layers of analysis, each carrying specific theoretical weight and methodological
implications. However, a critical review of contemporary literature reveals a tendency toward
conceptual conflation. For instance, what one scholar defines as a "transport infrastructure
project,” another labels a "transport system development," often without explicit
acknowledgment of the underlying theoretical distinctions.

This conceptual ambiguity poses significant challenges. In the academic domain, it hinders
the development of cumulative knowledge, as findings from one study may not be directly
comparable to another due to foundational definitional differences. In the applied sphere of
policy-making and planning, it can lead to misaligned strategies, where interventions designed
for infrastructure (e.g., building a road) are expected to yield outcomes associated with a system
(e.g., intermodal efficiency), leading to a gap between expectation and reality.

This article aims to address this gap by providing a systematic, theoretically grounded
deconstruction of these three pivotal concepts. The primary objective is to move beyond
superficial definitions to explore their scientific interpretation, historical evolution, and the
theoretical frameworks that underpin them. By elucidating the hierarchical and functional
relationships between transport infrastructure, the transport complex, and the transport system,
this study seeks to establish a clearer conceptual framework. This framework is intended to serve
as a foundational tool for scholars and practitioners, enabling more precise communication,
rigorous analysis, and effective strategic decision-making in the realm of transport.

Literature Review

The theoretical underpinnings of the three concepts are rooted in distinct, yet overlapping,
intellectual traditions.
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The concept of transport infrastructure has its origins in classical economics and engineering.
Initially viewed simply as "fixed capital" or the "material backbone" of the economy, its
theoretical interpretation evolved significantly with the rise of development economics in the
post-World War II era. Scholars like Rostow (1960) identified infrastructure as a crucial
precondition for economic "take-off." Hirschman (1958) further refined this by introducing the
distinction between "social overhead capital" (infrastructure) and "directly productive activities."
In this tradition, infrastructure is theorized as a public or quasi-public good characterized by high
sunk costs, indivisibility, and network effects. Contemporary interpretations, influenced by
actor-network theory, have begun to view infrastructure not just as static objects but as socio-
technical assemblages that shape and are shaped by social practices (Larkin, 2013).

The transport complex is a concept more prevalent in the Soviet and post-Soviet schools of
economic geography and planning. It emerged from the need to manage the economy sectorally.
The Transport Complex is theorized as a macro-level, territorial-productive entity that integrates
various modes of transport (rail, road, water, air, and pipeline) within a specific region or state.
Its theoretical foundation lies in the principles of planned economy and territorial production
complexes (TPCs). Scholars like Kolosovsky (1958) laid the groundwork for TPCs, where the
transport complex was viewed as the "circulatory system" binding together production units. In a
modern context, this concept has been adapted to emphasize intermodal coordination and
institutional integration, where the "complex" refers to the combination of physical assets,
operating organizations, and regulatory frameworks functioning as a cohesive sectoral unit.

The transport system represents the most theoretically sophisticated of the three, drawing
heavily from General Systems Theory (GST) as articulated by Ludwig von Bertalanffy (1968).
When applied to transport, a system is defined by the interaction of its components to achieve a
common goal. This perspective was advanced by scholars like Banister (1995) and Rodrigue
(2020), who conceptualize the transport system as a set of interrelated elements—including
infrastructure, flows (of people and goods), nodes (terminals), networks, and governance
structures—that function together to satisfy transport demand. The systems approach emphasizes
properties such as emergence, where the system exhibits characteristics (e.g., resilience,
efficiency) that are not inherent in any single component, and holism, where the system must be
analyzed as a whole rather than as a sum of its parts. The shift from viewing transport as a mere
sector (complex) to viewing it as a system reflects a move from a linear, supply-oriented
perspective to a dynamic, demand-responsive, and network-oriented paradigm.

Methods and Discussions

This study employs a qualitative, conceptual-analytical methodology. The research is based
on a systematic review and theoretical synthesis of foundational texts and contemporary
scholarship in transport geography, economics, and systems engineering. The methodological
approach is threefold: first, a genealogical analysis traces the origin and evolution of each
concept; second, a comparative analysis identifies the core attributes that differentiate the
concepts; and third, a structural analysis maps the hierarchical relationships among them. To
facilitate this, a comparative framework was developed focusing on five key attributes:

theoretical origin, core components, functional goal, analytical unit, and mode of integration.
Attribute Transport Transport Complex Transport System
Infrastructure
Theoretic Classical Economics, Soviet Economic General  Systems
al Origin Development Economics | Geography,  Territorial | Theory (von
(Rostow, Hirschman) Production = Complexes | Bertalanffy), Network
(Kolosovsky) Science (Banister,
Rodrigue)
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Core Physical assets: roads, Multi-modal assets, Infrastructure,
Components rails, ports, pipelines, bridges, | operating enterprises, | flows, nodes, networks,
terminals. regulatory bodies, and | governance,
institutional linkages | information, and
within a territory. demand.
Functiona To provide the material To achieve sectoral To achieve
1 Goal basis for mobility and | coordination, intermodal | dynamic  equilibrium
connectivity. synergy, and economic | between supply and
integration at a | demand, ensuring
regional/national scale. efficiency, resilience,

and sustainability.

Analytical Individual asset or link. Sectoral  grouping The entire network
Unit within a defined territory | of interacting
(e.g., a city, region, | components, including
country). non-material flows.
Mode of Physical and spatial Institutional and Functional and
Integration (connection of points). organizational goal-oriented
(coordination of modes | (interaction  of  all
and entities). elements to achieve a
purpose).

Table 1: Comparative Framework of Transport Concepts

The discussion arising from this comparative analysis reveals a distinct hierarchical and
functional relationship. Transport infrastructure serves as the foundational layer. It is the
hardware—the tangible, engineered assets without which mobility is impossible. However,
infrastructure alone is inert; its potential is realized only when organized.

The transport complex represents the next layer of integration. It organizes the infrastructure
assets and the operating entities (railway companies, bus operators, and port authorities) into a
coherent sectoral unit. The key distinction here is institutional and territorial. A transport
complex exists within a defined administrative boundary and is characterized by the conscious
coordination of its constituent parts, often through planning mechanisms. Its theoretical focus is
on internal structure and sectoral efficiency.

The transport system is the highest-order concept, encompassing both the infrastructure and
the complex but adding the critical dimensions of flows, information, and feedback loops. The
system is not merely a collection of assets (infrastructure) or a coordinated set of organizations
(complex); it is a dynamic, adaptive entity. Its defining feature is its purpose—to serve the
demand for movement in the most efficient and effective manner. The systems perspective
introduces the concept of emergent behavior. For example, the overall resilience of a city's
mobility is an emergent property of its transport system that cannot be attributed solely to the
quality of its infrastructure or the efficiency of its operating companies.
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Transport System Demand Governance Goal-oriented, dynamic interaction;
P y (Flows of People & Goods) - & Information  the “adaptive entity” achieving mobility

\nfrastructure throug!l_emergent progerties like
& Complex resilience and efficiency.

Sectoral and institutional
Transport Water integration; the organizational
Complex “structure” coordinating
4 assets and operators.
0a

Transport
Infrastructure 0*)
Transport Infrastructure
The material-technical base; the “hardware” of transport.

Figure 1: Hierarchical and Functional Interrelation of Transport Concepts

The theoretical implication of this hierarchy is significant. Treating a transport system as
mere infrastructure leads to a reductionist fallacy, where solutions focus solely on physical
construction while neglecting institutional and operational dynamics. Conversely, treating
infrastructure as a system can lead to over-engineering, where the complexity of management is
underestimated. The three concepts are therefore not alternatives but represent different lenses
for analysis, each suitable for different levels of planning and research. For micro-level
engineering studies, the infrastructure concept is most pertinent. For sectoral policy and regional
planning, the transport complex offers the appropriate frame. For macro-level strategic planning
concerning sustainability, resilience, and long-term societal impact, the transport system is the
indispensable theoretical tool.

Conclusion

This article undertook a systematic deconstruction of three foundational concepts in
transport studies: infrastructure, complexity, and system. By tracing their distinct theoretical
lineages—from classical economics and Soviet planning to general systems theory—and by
comparing them across key attributes, this research has established that these are not
interchangeable terms but rather represent a nested hierarchy of analytical frames.

The analysis leads to three primary conclusions. First, transport infrastructure is the tangible,
physical foundation, theorized as fixed capital and social overhead. Second, the transport
complex is a higher-order construct that integrates this infrastructure with operating entities and
regulatory frameworks within a specific territory, emphasizing sectoral and institutional
coordination. Third, the transport system is the most comprehensive concept, subsuming the
other two while adding the crucial dimensions of dynamic flows, information, feedback, and
goal-orientation, thereby allowing for the study of emergent properties like resilience and overall
efficiency.

The conceptual model proposed, illustrated in the comparative table and the hierarchical
diagram, offers a clear framework to guide future research. For scholars, this model provides a
lens for selecting the appropriate conceptual foundation for their studies, ensuring greater
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precision and comparability. For practitioners and policymakers, it underscores the need for
multi-layered strategies: infrastructure investments must be complemented by complex-level
institutional coordination and managed with a system-level understanding of dynamic demand
and emergent behaviors. Future research should empirically test this hierarchical model by
applying it to case studies of transport development in different geographical and political
contexts, exploring how the boundaries between these concepts blur or sharpen in practice.
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