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Abstract

Applied geomorphology has undergone a significant transformation over the past century, evolving
from a descriptive and deterministic discipline into an interdisciplinary field that integrates
environmental science, policy, and stakeholder participation. Classical geomorphological studies
primarily emphasized landform description, process analysis, and engineering applications through
objective scientific methods. Advances in quantitative techniques, systems theory, remote sensing, and
computational modelling gradually expanded the discipline beyond traditional landscape
interpretation. More recently, post-modern perspectives have challenged the assumption that scientific
knowledge alone is sufficient for solving complex environmental problems. Contemporary applied
geomorphology increasingly recognizes uncertainty, multiple knowledge systems, participatory
governance, and the co-production of scientific knowledge. This paradigm shift has strengthened the
role of geomorphology in addressing climate change adaptation, watershed management, disaster risk
reduction, urban development, and sustainable environmental planning. Modern approaches combine
quantitative modelling with qualitative assessments, scenario analysis, and stakeholder engagement to
support evidence-based decision making. The transition from classical to post-modern discourse
reflects broader developments in environmental science, emphasizing flexibility, resilience,
interdisciplinary collaboration, and adaptive management. This paper reviews the historical evolution
of applied geomorphology, examines the theoretical and methodological changes that have shaped the
discipline, and discusses the implications of these developments for research, policy, and environmental
management.
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1. Introduction

Geomorphology is the scientific study of landforms, surface processes, and the evolution of Earth's
landscapes. It investigates the interactions between geological structures, climatic conditions,
hydrological systems, and biological processes that collectively shape the Earth's surface. As
environmental challenges have become increasingly complex, geomorphology has expanded beyond its
traditional role of describing landscapes to become an applied science supporting environmental
planning, natural hazard assessment, and sustainable resource management. This evolution reflects
broader developments in environmental sciences, where scientific knowledge is expected not only to
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explain natural phenomena but also to contribute directly to societal decision-making. During the early
development of applied geomorphology, research was largely influenced by classical scientific
principles that emphasized observation, classification, and deterministic explanations of landform
evolution. Researchers sought to identify universal geomorphic processes capable of explaining
landscape development across different environmental settings. The discipline focused primarily on
mapping landforms, understanding erosion and deposition, river dynamics, coastal evolution, and slope
stability (Slaymaker, 2009). These studies provided valuable information for engineering, agriculture,
infrastructure development, and natural resource management. Although highly influential, classical
approaches generally viewed environmental systems as predictable and manageable through scientific
expertise alone. The second half of the twentieth century marked a major turning point in
geomorphological research. Technological advances, including aerial photography, satellite remote
sensing, Geographic Information Systems (GIS), digital elevation models, and numerical modelling,
significantly improved the ability of researchers to analyse landscape processes quantitatively.
Geomorphology increasingly adopted systems theory, recognizing landscapes as dynamic systems
characterized by complex interactions, feedback mechanisms, and non-linear behaviour. These
developments enhanced predictive capabilities while also revealing the inherent uncertainties
associated with environmental modelling and long-term landscape evolution. At the same time, growing
environmental concerns related to climate change, land degradation, biodiversity loss, urban
expansion, and natural disasters exposed the limitations of purely technical approaches to
environmental management. Scientists recognized that many environmental problems involve social,
political, economic, and cultural dimensions that cannot be addressed through scientific analysis alone.
This realization contributed to the emergence of post-modern and post-normal perspectives within
environmental sciences. These approaches emphasize that scientific knowledge is inherently uncertain,
value-laden, and context dependent, particularly when decisions involve high risks, conflicting
stakeholder interests, and incomplete information. The post-modern discourse has fundamentally
reshaped applied geomorphology by encouraging interdisciplinary collaboration, stakeholder
participation, adaptive management, and the integration of local and indigenous knowledge with
scientific evidence. Rather than seeking a single objective solution, contemporary geomorphological
research acknowledges multiple perspectives and promotes collaborative decision-making processes
(Gregory, 2011). Geomorphological models are increasingly used as tools for exploring alternative
future scenarios instead of providing deterministic predictions. This shift has enhanced the discipline's
relevance in addressing complex environmental challenges such as flood management, coastal erosion,
river restoration, watershed planning, climate adaptation, and sustainable urban development. Recent
developments have strengthened the connection between geomorphology and public policy. Scientists
now work closely with governments, planners, engineers, environmental managers, and local
communities to develop practical solutions that balance environmental conservation with
socioeconomic development. Decision-support frameworks increasingly incorporate uncertainty
analysis, risk assessment, resilience thinking, and participatory governance. Consequently, applied
geomorphology has evolved into a multidisciplinary field that bridges natural sciences, social sciences,
engineering, and public policy. The transition from classical to post-modern discourse therefore
represents more than a methodological change; it signifies a broader transformation in the philosophy
of environmental science. The discipline now recognizes that effective environmental management
requires scientific excellence alongside social engagement, institutional cooperation, and adaptive
governance. Understanding this transformation is essential for appreciating the current role of applied
geomorphology in supporting sustainable development and improving environmental decision-making
under conditions of uncertainty.

2. Research Objective

The primary objective of this study is to critically examine the evolution of applied geomorphological
studies from the classical scientific paradigm to the post-modern discourse by analysing the theoretical,
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methodological, and practical transformations that have influenced contemporary environmental
research, policy development, and sustainable landscape management.

3. Materials and Methods

This study adopts a qualitative review methodology based on an extensive analysis of published
literature concerning the evolution of applied geomorphology. The research follows a descriptive and
analytical approach to examine the transition from classical geomorphological concepts to
contemporary post-modern perspectives. Rather than generating primary field data, the study
synthesizes existing theoretical and empirical knowledge to identify major developments in the
discipline.

4. Sources of Data

The study relies exclusively on secondary data collected from peer-reviewed journal articles, academic
books, conference proceedings, government reports, and international publications addressing
geomorphological theory, environmental management, systems modelling, post-normal science, and
sustainable development. The reviewed literature spans both historical and contemporary scholarship
to provide a comprehensive understanding of disciplinary change.

5. Data Collection

Relevant publications were identified through systematic searches of major academic databases using
keywords such as Applied Geomorphology, Classical Geomorphology, Post-modern Science, Landscape
Evolution, Environmental Management, Geomorphological Modelling, Stakeholder Participation, and
Sustainability. Additional references were obtained through citation tracking of influential publications
in the field.

6. Data Analysis

The collected literature was analysed using thematic content analysis. Similar concepts and arguments
were grouped into major themes representing the evolution of applied geomorphological thought.
These themes included:

Historical development of geomorphology.

Classical approaches to landscape analysis.

Quantitative and systems-based methodologies.
Emergence of post-normal science.

Integration of uncertainty in environmental modelling.
Stakeholder participation and knowledge co-production.
Applications in environmental management and policy.

Noulswbh e

Comparative analysis was employed to identify similarities and differences between classical and post-
modern paradigms. Particular attention was given to methodological developments, changing research
priorities, and their implications for practical environmental decision-making.

7. Conceptual Framework
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The study is guided by the assumption that scientific paradigms evolve in response to technological
advancement, societal needs, and environmental complexity. Classical geomorphology emphasized
objective observation, deterministic explanations, and process-based prediction. In contrast, the post-
modern framework recognizes complexity, uncertainty, interdisciplinary collaboration, and adaptive
governance as essential components of contemporary environmental science. This conceptual
transition forms the basis for evaluating the changing role of applied geomorphology in addressing
modern environmental challenges.

8. Results and Discussion

8.1. Evolution from Classical to Modern Applied Geomorphology

The review demonstrates that applied geomorphology has experienced a gradual but significant
transformation over the past century. Early geomorphological investigations were primarily
descriptive, focusing on landform classification, geological structures, and the identification of
dominant geomorphic processes. These studies provided valuable information for engineering projects,
agricultural planning, and natural resource management. However, classical approaches generally
assumed that landscape evolution could be explained through deterministic physical processes and that
scientific observations were sufficient for predicting environmental change. The emergence of
quantitative geomorphology during the mid-twentieth century fundamentally changed the discipline.
Mathematical modelling, statistical analysis, systems theory, and computer-based simulations enabled
researchers to investigate complex interactions among geomorphic processes. Remote sensing
technologies, Geographic Information Systems (GIS), Digital Elevation Models (DEMs), and numerical
modelling significantly improved spatial analysis and predictive capabilities. Landscapes increasingly
came to be understood as dynamic systems characterized by feedback mechanisms, non-linearity, and
continuous environmental change (Husain, 2013).

8.2. Emergence of Post-modern Perspectives

The literature indicates that post-modern discourse has expanded the scope of applied geomorphology
beyond physical landscape analysis. Modern environmental problems such as climate change, urban
expansion, biodiversity loss, river degradation, and natural hazards require approaches that integrate
scientific knowledge with social, economic, and political considerations. Post-modern geomorphology
recognizes that environmental systems contain considerable uncertainty and that scientific models
cannot eliminate all forms of risk. Rather than seeking universally applicable solutions, researchers
increasingly employ scenario analysis, adaptive management, and resilience-based planning. Scientific
knowledge is viewed as one component of decision-making that must be considered alongside local
experience, institutional knowledge, and stakeholder values.

8.3. Integration of Stakeholder Participation

One of the most important developments identified in the review is the increasing emphasis on
stakeholder engagement. Traditional geomorphological research often treated scientific experts as the
primary decision-makers. Contemporary practice promotes collaboration among scientists,
government agencies, engineers, planners, community organizations, and local residents throughout
the planning process. Participatory approaches improve environmental governance by incorporating
local knowledge, increasing transparency, and enhancing the social legitimacy of management
decisions. Stakeholder participation also contributes to identifying practical solutions that are
environmentally sustainable and socially acceptable.
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8.4. Role of Uncertainty in Environmental Decision-making

The analysis highlights uncertainty as a defining characteristic of contemporary applied
geomorphology. Environmental systems are influenced by numerous interacting variables, making
precise long-term prediction difficult. Climate variability, land-use change, extreme weather events, and
human interventions introduce additional complexity into geomorphological processes. Instead of
attempting to eliminate uncertainty, modern methodologies explicitly evaluate and communicate it
through sensitivity analysis, probabilistic modelling, scenario development, and risk assessment. These
approaches support more informed decision-making by allowing planners to evaluate multiple possible
future conditions rather than relying on a single prediction (Coeli et al., 2024).

8.5. Applications in Environmental Management

The review identifies numerous practical applications of modern applied geomorphology. These
include watershed management, river restoration, flood hazard assessment, landslide susceptibility
mapping, coastal erosion monitoring, sediment budget analysis, infrastructure planning, urban
development, ecosystem conservation, and climate change adaptation. Advances in remote sensing, GIS,
unmanned aerial systems, and numerical simulation have enhanced the accuracy and efficiency of
geomorphological investigations. At the same time, interdisciplinary collaboration has strengthened the
integration of geomorphological knowledge into public policy and environmental governance (Hoey &
Hoey, 2023).

8.6. Comparative Perspective

The comparison between classical and post-modern approaches reveals several fundamental
differences. Classical geomorphology emphasized objectivity, deterministic explanations, and expert-
driven decision-making. Post-modern geomorphology emphasizes complexity, uncertainty,
interdisciplinary research, participatory governance, and adaptive management. Despite these
differences, the two paradigms should be viewed as complementary rather than contradictory (Huggett,
2002). Classical geomorphology continues to provide essential scientific foundations, while post-
modern approaches expand the discipline by incorporating social, institutional, and policy dimensions.
Together, these perspectives enable applied geomorphology to address increasingly complex
environmental challenges in a scientifically rigorous and socially relevant manner.

9. Conclusion

Applied geomorphology has undergone a remarkable transformation from a discipline primarily
concerned with the description and interpretation of landforms to one that plays a central role in
environmental planning, risk assessment, and sustainable resource management. This evolution
reflects broader scientific developments in quantitative analysis, systems theory, technological
innovation, and interdisciplinary research. The transition from classical to post-modern discourse has
fundamentally altered both the theoretical foundations and practical applications of geomorphological
science. Classical geomorphology established the scientific basis for understanding Earth's surface
processes through detailed field observations, landform classification, and deterministic explanations
of landscape evolution. These approaches contributed significantly to engineering, agriculture,
watershed management, and natural resource development. Although classical methods remain
essential for understanding geomorphic processes, they are limited in addressing the complexity and
uncertainty that characterize contemporary environmental problems. The emergence of quantitative
techniques, Geographic Information Systems (GIS), remote sensing, numerical modelling, and computer
simulations expanded the analytical capabilities of geomorphologists. These developments enabled
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researchers to investigate landscape dynamics more accurately while recognizing that geomorphic
systems are influenced by complex interactions, nonlinear feedback mechanisms, and changing
environmental conditions. The post-modern perspective has further broadened the discipline by
emphasizing uncertainty, interdisciplinary collaboration, stakeholder participation, and adaptive
governance. Rather than treating scientific knowledge as the sole basis for environmental decision-
making, contemporary applied geomorphology recognizes the importance of integrating scientific
evidence with local knowledge, policy considerations, institutional frameworks, and community
participation. This collaborative approach improves both the scientific credibility and the practical
relevance of environmental management strategies. The review also demonstrates that uncertainty is
an inherent characteristic of geomorphological systems. Climate variability, anthropogenic activities,
land-use changes, and natural hazards create conditions in which precise long-term prediction is often
impossible. Consequently, modern geomorphological research increasingly employs scenario analysis,
probabilistic modelling, risk assessment, and adaptive management frameworks that support informed
decision-making under uncertainty. Applied geomorphology now contributes to numerous fields,
including flood risk management, landslide hazard assessment, coastal zone management, watershed
restoration, urban planning, ecosystem conservation, climate change adaptation, and sustainable
infrastructure development. Advances in Earth observation technologies, artificial intelligence,
machine learning, high-resolution spatial analysis, and integrated environmental modelling continue to
enhance the discipline's capacity to address emerging environmental challenges.
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