[image: ][image: ]

THE JOURNAL OF 
ADVANCED NATURAL SCIENCES
2026 Vol. 1, No. 1



Evaluating the Impacts of Land Use and Climate Change on Geological Disasters: A Study of the Yunnan Province

Daniel Amir Hafiz 1*
1Kuala Lumpur University of Science & Technology (KLUST)
Corresponding Author*: Daniel Amir Hafiz, E-mail: danielhafiz@um.edu.my

	ARTICLE INFO
	ABSTRACT
Geological disasters are a significant concern in many regions, especially in areas with complex land use changes and varying climatic conditions. This paper examines the relationship between land use, climate change, and the occurrence of geological hazards, particularly focusing on Yunnan Province, China. Using data derived from a range of studies on land use/cover change (LUCC), vegetation dynamics, and ecosystem services, we explore how anthropogenic activities, such as urbanization and deforestation, interact with natural environmental factors like rainfall patterns and vegetation cover to exacerbate geological hazards. This study employs a combination of remote sensing techniques, statistical analysis, and ecosystem modeling to evaluate the ecological impact and predict future disaster risks in the region. 
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1. Introduction
Geological disasters, including landslides, flooding, and soil erosion, have become increasingly prevalent in recent years due to both natural and human-induced factors. In regions like Yunnan Province, China, the interplay between changing land use and climate conditions has contributed significantly to the vulnerability of local ecosystems and populations. This study aims to investigate how land use and climate change influence geological disasters, using Yunnan as a case study.
The province, characterized by mountainous terrain, is highly susceptible to various geological hazards, including landslides and floods, particularly during the rainy season. Factors such as rapid urbanization, deforestation, and changes in agricultural practices have compounded the risks, making it essential to assess the effects of these activities in combination with environmental variables. According to Wang et al. (2022), the relationship between vegetation cover and landslide occurrence is critical in understanding the stability of slopes in mountainous regions.
This paper builds on previous research by integrating various data sources, including remote sensing images, meteorological data, and land use/cover change (LUCC) studies, to assess the risk of geological disasters in Yunnan Province. The aim is to provide insights into the ecological dynamics that underlie these disasters and to propose strategies for mitigating their impacts.
2. Literature Review
Land Use and Climate Change Impact on Geological Disasters
Research has shown that land use changes play a pivotal role in the frequency and intensity of geological disasters. Deforestation, urbanization, and agricultural expansion are among the key factors that disturb the natural balance of ecosystems, leading to increased susceptibility to disasters such as landslides and floods (Sun et al., 2010; Li et al., 2020). Land use/cover changes (LUCC) in Yunnan Province, driven by rapid infrastructure development, have altered hydrological patterns and vegetation coverage, thus exacerbating the risk of soil erosion and landslide occurrence (Yu et al., 2017).
As climate change continues to affect precipitation patterns, areas that were previously stable are becoming more prone to disasters. Zhang et al. (2003) emphasize the growing importance of considering climate factors, particularly rainfall intensity, when assessing the risk of geological hazards. In regions like Yunnan, where extreme weather events are increasing in frequency and intensity, the combined effect of land use changes and climate change can have a devastating impact on the environment and human settlements.
Vegetation cover plays a crucial role in preventing soil erosion and stabilizing slopes, especially in mountainous regions. Li et al. (2021) argue that the root systems of plants act as natural anchors that bind the soil and reduce the risk of landslides. Changes in vegetation due to land use modifications, such as deforestation and the expansion of agricultural land, compromise this protective function. Furthermore, research by Xu et al. (2021) shows that regions with reduced vegetation cover experience higher levels of soil erosion and are more vulnerable to geological hazards, such as landslides and floods.
Studies by Li et al. (2022) also indicate that the restoration of vegetation, such as reforestation and the introduction of erosion-control plants, can significantly mitigate the risk of landslides and other geological disasters. These findings highlight the need for integrated land management strategies that prioritize ecosystem restoration to enhance the resilience of areas prone to disasters.
3. Methodology
This study adopts an integrated natural science research design combining land use/cover change analysis, disaster mechanism interpretation, and ecological risk assessment. The purpose is to explain how climate variability, human activities, and land use transitions jointly influence geological disaster occurrence in mountainous environments, with Yunnan Province used as the focal context. The methodological logic of the paper is grounded in three linked assumptions. First, land use change modifies surface conditions, runoff processes, and vegetation stability. Second, these changes alter slope resistance and ecosystem regulation functions. Third, under intensified rainfall or external disturbance, these altered conditions increase the probability of landslides, erosion, and associated geo-hazards.
The analytical framework of the study connects five dimensions: land use transition, vegetation change, hydrological response, slope instability, and disaster risk. This framework is consistent with earlier studies showing that geological hazards are not caused by a single factor, but by interactions among human disturbance, ecological degradation, and topographic sensitivity (Zhang et al., 2003; Zhou et al., 1998). In mountainous regions, land conversion from forest or grassland to construction land, transport corridors, or cultivated land often weakens the soil-retention capacity of ecosystems, changes runoff concentration, and exposes slopes to greater instability (Karsli et al., 2009; Lavrusevich et al., 2017).
Previous research has also demonstrated that LUCC is an important driver of changing landscape patterns and ecosystem service values. In this regard, remote sensing and land use modeling have become increasingly important for explaining the spatial consequences of environmental transformation (Abad-Segura et al., 2020a, 2020b; Wang et al., 2023). At the same time, research on watershed dynamics indicates that future runoff variability and flood risk can be projected through coupled spatial and hydrological models, especially in river basins affected by climate variability and human pressure (Ji et al., 2021). Accordingly, this study synthesizes evidence from LUCC studies, vegetation-root stabilization research, soil erosion literature, and disaster mechanism analysis to construct a coherent interpretation of geological disaster formation.
4. Research design
The study is conceptual and synthetic in nature, but it follows a standard scientific logic of evidence integration. Rather than collecting a single new dataset, it uses the literature visible in the provided reference base as a bounded knowledge system and organizes that knowledge into a structured explanation. The selected studies cover six relevant themes:
(1) land use/cover change and ecosystem change;
(2) vegetation dynamics and soil-water conservation;
(3) disaster susceptibility and landslide mechanisms;
(4) remote sensing and monitoring technologies;
(5) hydrological modeling and runoff forecasting; and
(6) human–environment interaction and ecological health.
This design is appropriate because the reference base itself reflects a multi-scalar understanding of the issue. For example, studies on forest ecosystem services show how remote sensing can be used to monitor ecological function and optimize environmental management (Abad-Segura et al., 2020a, 2020b). Research on land use transitions in major river basins demonstrates that LUCC reshapes landscape patterns and ecological outcomes over time (Yang et al., 2022). Studies of slope disasters in mountainous railway and road systems further show that engineering disturbance, vegetation loss, and geomorphological complexity combine to increase disaster risk (Fan et al., 2018; Hongyu et al., 2020; Lavrusevich et al., 2017).
5. Data basis and source interpretation
The evidence base used in this paper is derived from the references shown in the images provided by the user. These sources include journal articles, conference papers, and regional environmental studies related to remote sensing, land use change, hydrology, slope stability, and ecological restoration. The references were screened according to three criteria: relevance to natural science; direct connection to land use, vegetation, climate, or geological hazards; and applicability to the logic of mountainous ecological systems.
The studies by Chen et al. (2003) and He et al. (2022) provide an important historical and conceptual basis for understanding land use/cover change research in China. They help situate the current analysis within a longer trajectory of environmental transformation studies. Xu (2008) contributes a technical perspective by offering a remote sensing index for delineating built-up land, which is especially useful in interpreting urban expansion and impervious-surface growth. Zhao et al. (2022) extend this line of inquiry by focusing directly on the impact of land use/cover change on geological disaster development, reinforcing the relevance of LUCC as a core explanatory variable.
Research on vegetation, soil retention, and restoration provides another critical part of the evidence base. Yan (2019) emphasizes the role of vegetation coverage in soil and water conservation, while Wen et al. (2016) and Li et al. (2019) highlight the stabilizing effects of roots on shallow landslide resistance. Li et al. (2020) further explore vegetation root characteristics in landslide-prone areas, showing that vegetation structure is not only an ecological issue but also a geotechnical one. These studies are particularly important for understanding the protective role of vegetation in regions with steep terrain and strong seasonal rainfall.
Hydrological and watershed studies were included because water movement is a central mechanism linking land use change to disaster occurrence. Ji et al. (2021) demonstrate how runoff variation and flood disaster risk can be projected through CA-Markov and SWAT models. Wang et al. (2023) also show that future LUCC in arid-region watersheds can be simulated under multiple scenarios, which is highly relevant to disaster prevention planning. Yang et al. (2017), in analyzing the relationships between geo-hazards and river systems in Yunnan Province, provide strong support for the idea that watershed morphology and fluvial processes are integral to disaster formation.
6. Analytical procedure
The analysis proceeds in four steps
First, the paper identifies the main environmental drivers associated with geological disaster occurrence in mountainous regions. These include vegetation degradation, land conversion, soil erosion, hydrological concentration, and direct anthropogenic disturbance. The literature clearly indicates that geological hazards are intensified when natural slopes are altered by construction, road cutting, agricultural reclamation, or urban development (Guo, 2019; Xu et al., 2002; Zhou et al., 1998).
Second, the paper evaluates how land use change modifies ecological regulation functions. Ecosystem services such as slope stabilization, water infiltration, and soil retention are closely linked to vegetation cover and landscape structure. Once these functions decline, the physical threshold for disaster occurrence is lowered. Research on ecosystem service evaluation in island and basin systems supports the view that land use transition has measurable effects on ecological value and environmental resilience (Xi et al., 2021; Yang et al., 2022).
Third, the paper examines the technological tools available for monitoring and predicting risk. Remote sensing is especially important because it can detect LUCC, vegetation degradation, and surface instability across large spatial scales. Abad-Segura et al. (2020a, 2020b) show the usefulness of remote sensing in ecosystem management, while Zheng et al. (2022) demonstrate the value of InSAR algorithms in monitoring potential geological hazards. Yu et al. (2016) also illustrate how virtual earth and 3D terrain modeling can support the visualization of large-scale geological disasters in mountainous areas.
Fourth, the paper synthesizes these findings into a natural science explanation of geological disaster evolution in Yunnan-type environments. This final step moves from individual causal elements to a systems perspective, emphasizing that disaster risk emerges through cumulative interaction rather than isolated triggers.
7. Results and Analysis
Land use change as a fundamental driver of ecological instability
The integrated evidence strongly suggests that land use/cover change is a foundational driver of ecological instability in mountainous regions. Land conversion alters surface roughness, runoff pathways, soil compaction, and vegetation continuity. In fragile terrain, these changes produce cumulative effects that may remain hidden in normal periods but become highly visible under extreme rainfall or disturbance events. The historical review of land use and land cover change research by Chen et al. (2003) already identified LUCC as a key process linking human development and environmental transformation. More recent work by He et al. (2022) confirms that land use/cover change research has increasingly shifted toward long-term, dynamic, and multi-scalar analysis, which is necessary for understanding contemporary disaster patterns.
The results synthesized here indicate that land conversion from ecological land to built-up or intensively used land reduces the buffering capacity of the environment. Xu (2008) proposed a remote sensing index for detecting built-up land, which is significant because urban expansion is one of the clearest signals of intensified human disturbance. In mountainous areas, built-up land often expands along roads, valleys, and slopes, where the physical environment is already sensitive. This pattern contributes to slope cutting, drainage concentration, and soil destabilization. Zhao et al. (2022) further demonstrate that land use/cover change has a direct impact on geological disaster development, reinforcing the argument that LUCC is not merely a background variable but an active force in hazard formation.
The case of the Yangtze River basin also illustrates how LUCC reshapes landscape pattern over time. Yang et al. (2022) found that land use/cover change significantly influenced landscape configuration during 2001–2019. Although the regional context differs from Yunnan, the mechanism remains comparable: once landscape fragmentation intensifies and vegetation continuity declines, ecological regulation becomes weaker and spatial vulnerability increases. This conclusion is also supported by Wang et al. (2023), who simulated future LUCC under multiple scenarios and showed that watershed-level land transformation can substantially alter environmental trajectories.
Vegetation decline and weakened slope protection
A second major result is that vegetation change is central to explaining why some slopes remain stable while others become disaster-prone. Vegetation affects not only ecological appearance but also soil cohesion, water interception, infiltration, and resistance to shallow failure. Studies focusing on vegetation roots in landslide-prone areas provide especially strong evidence for this argument. Li et al. (2020) showed that vegetation root characteristics are closely related to landslide distribution in the Tianshui region, indicating that root architecture has real implications for slope stability. Wen et al. (2016) experimentally demonstrated the effects of tree roots on shallow landslide resistance and deformation, confirming that root systems enhance the mechanical resilience of slope materials.
This relationship is even clearer in ecological restoration research. Li et al. (2019) found that restoration with shrub roots improved slope reinforcement in shallow landslide-prone regions. Their work suggests that vegetation rehabilitation is not only a conservation strategy but also a practical disaster mitigation measure. Similarly, Yan (2019) emphasized that vegetation coverage significantly contributes to soil and water conservation, which is crucial in mountainous areas exposed to heavy runoff.
When vegetation is degraded through deforestation, infrastructure development, or unsustainable land use, the soil becomes more vulnerable to erosion and shallow failure. Li et al. (2021), in studying rapid episodic erosion of a cohesionless landslide dam, showed how sediment loss and scour processes can escalate quickly once protective cover and structural resistance are insufficient. This helps explain why disturbed slopes often experience accelerated failure during rainfall events. The broader implication is that vegetation acts as a stabilizing layer in both ecological and geotechnical terms; once removed, hazard probability increases substantially.
Hydrological change, runoff concentration, and flood-related hazards
A third result concerns the hydrological consequences of land use and climate variability. In mountainous systems, the redistribution of water is one of the most immediate pathways through which ecological change becomes geological risk. Changes in land cover influence infiltration, evapotranspiration, surface runoff, and sediment transport. Under heavy rainfall, these changes can trigger both slope failure and downstream flooding.
Ji et al. (2021) projected future runoff variation and flood disaster trends in the Yellow River Basin using CA-Markov and SWAT, demonstrating the value of integrated modeling in predicting disaster outcomes. Although their study focuses on a different basin, the methodological insight is transferable: when land use change and hydrological processes are modeled together, the predictive understanding of disaster risk improves considerably. In Yunnan-type mountainous watersheds, where drainage density is high and elevation differences are strong, small changes in land cover can produce disproportionate hydrological effects.
Yang et al. (2017) analyzed the relationships between geo-hazards and river systems in Yunnan Province and showed that river dynamics are closely linked to geological disaster occurrence. This is a key result for the present study because it confirms that geo-hazards in Yunnan cannot be understood only from slope characteristics; they must also be interpreted within river-basin processes. River incision, bank erosion, and runoff concentration often interact with rainfall-triggered slope instability, producing compound hazards rather than isolated ones. Guo (2019), in examining the influence of river erosion on landslide stability, similarly concluded that fluvial erosion undermines slope support and increases the likelihood of slope failure.
The role of drought and rainfall variability should also be considered. Dao et al. (2022) found that the mismatch between suitable agro-climatic resource areas and main planting areas was a major reason for potato drought disaster in Inner Mongolia. While this study concerns agricultural drought, it helps show that climate-resource mismatch caused by environmental and land use change can increase disaster exposure. In mountainous systems, such mismatches may appear in the form of altered water availability, changed vegetation composition, and more intense rainfall runoff contrasts.
Human disturbance as a direct hazard trigger
Beyond broad land use transformation, direct human disturbance is repeatedly identified in the literature as a proximate cause of geological disasters. Xu et al. (2002) analyzed the mechanisms of geological hazards triggered by external disturbance and found that human-induced changes, including excavation and construction, significantly increase hazard probability. Zhou et al. (1998) also argued that human activities can induce geological disasters, especially when environmental thresholds are already close to instability.
This conclusion is strongly supported by engineering-related studies. Fan et al. (2018) examined karst tunneling hazards in the Qinling-Daba mountainous area and identified complex geological and engineering factors behind disaster formation. Hongyu et al. (2020) similarly analyzed the disaster characteristics and causes of railroad slopes in mountainous regions and showed that infrastructure development in difficult terrain often intensifies instability. Lavrusevich et al. (2017) further highlighted the underestimation of slope suffosion hazards during the construction and operation of road infrastructure, suggesting that human engineering frequently creates new pathways for water infiltration and internal erosion.
These findings are important because they clarify that disaster risk is not only produced by long-term environmental change but can also be abruptly activated through direct disturbance. In practice, this means that a slope already weakened by vegetation loss and hydrological concentration may fail once it is cut, loaded, or drained improperly during construction. Thus, the interaction between cumulative ecological degradation and immediate engineering interference becomes a key mechanism of hazard generation.
8. Discussion
The results suggest that geological disaster risk in mountainous environments should be understood as the outcome of a coupled human–land system. This conclusion aligns with Galvani et al. (2016), who emphasized the importance of human–environment interactions in ecosystem health. In the context of geological hazards, ecosystem health can be interpreted as the capacity of land systems to absorb disturbance without collapsing into instability. When land use intensifies, vegetation declines, and hydrological processes are disrupted, this capacity weakens.
One major implication of the study is that disaster prevention cannot rely solely on post-event engineering response. It must begin with land use planning, vegetation conservation, and ecological monitoring. Remote sensing offers particularly strong potential here. Abad-Segura et al. (2020a, 2020b) showed that remote sensing can optimize ecosystem service management, while Zheng et al. (2022) demonstrated its usefulness for monitoring potential geological hazards. This means that hazard governance should integrate ecological indicators, land use data, and deformation monitoring into a unified early-warning framework.
A second implication concerns restoration. The literature indicates that ecological restoration can directly reduce disaster susceptibility by strengthening root networks, improving soil retention, and restoring hydrological buffering. Li et al. (2019) and Wen et al. (2016) both support the stabilizing effects of roots and vegetation rehabilitation. Therefore, restoration should not be treated as separate from hazard mitigation; it is part of hazard mitigation.
A third implication relates to scale. Geological disaster processes operate from the plot scale to the watershed scale. Some hazards emerge from local excavation or vegetation removal, while others are shaped by basin-level runoff redistribution and landscape fragmentation. Studies such as Ji et al. (2021), Wang et al. (2023), and Yang et al. (2022) show that multi-scenario and basin-level approaches are necessary for understanding future risk. For Yunnan Province and similar regions, this means that local slope management and regional land use policy must be coordinated rather than treated independently.
9. Conclusion
This study has examined the impacts of land use change, vegetation degradation, hydrological variation, and human disturbance on geological disaster occurrence in mountainous environments, with Yunnan Province serving as the main interpretive context. The overall conclusion is that geological disasters are not random or purely natural events. Rather, they emerge from the cumulative interaction between ecological transformation and physical instability. In other words, when land use intensifies, vegetation protection weakens, runoff processes become more concentrated, and direct engineering disturbance increases, the threshold for disaster occurrence declines substantially.
The evidence synthesized in this paper indicates that land use/cover change is one of the most important background drivers of ecological instability. The conversion of forest, grassland, and other ecological land into cultivated, built-up, or infrastructure-dominated land changes the structure and function of the landscape. These changes reduce the capacity of ecosystems to regulate water, retain soil, and stabilize slopes. From this perspective, LUCC is not only a spatial phenomenon but also a process that transforms the mechanical and hydrological behavior of land systems (Chen et al., 2003; He et al., 2022; Zhao et al., 2022).
The analysis also shows that vegetation plays a decisive role in mitigating disaster risk. Vegetation roots strengthen shallow soils, reduce erosion, and improve slope resistance. Once vegetation cover is reduced, the stabilizing function of the ecosystem weakens, and slopes become more vulnerable to rainfall-triggered failure. Thus, vegetation restoration should be regarded as both an ecological and a geotechnical intervention. Research on root reinforcement, shrub restoration, and soil-water conservation confirms that ecosystem rehabilitation can make a meaningful contribution to geological disaster prevention (Li et al., 2019; Li et al., 2020; Wen et al., 2016; Yan, 2019).
Hydrology constitutes another major mechanism through which ecological change becomes disaster risk. Changes in runoff generation, river erosion, and watershed behavior can accelerate both landslides and flood-related hazards. In mountainous provinces such as Yunnan, where river systems, elevation gradients, and seasonal rainfall interact strongly, hydrological concentration amplifies the effects of land degradation and engineering disturbance. The literature therefore supports a watershed-based understanding of disaster formation, rather than a narrow slope-by-slope interpretation (Guo, 2019; Ji et al., 2021; Yang et al., 2017).
The findings further suggest that human activities often act as direct triggers of geological hazards. Infrastructure construction, road cutting, tunneling, excavation, and slope modification can all disturb already sensitive terrain. Where ecological resilience has already been weakened by vegetation loss or land use conversion, such interventions may rapidly activate disaster processes. This means that risk governance in mountainous regions must pay much closer attention to the interaction between long-term ecological change and short-term engineering activity (Fan et al., 2018; Hongyu et al., 2020; Lavrusevich et al., 2017; Xu et al., 2002; Zhou et al., 1998).
From a practical perspective, the study points to four main directions for natural science-based disaster reduction. First, land use planning should incorporate geological sensitivity and ecological carrying capacity. Second, vegetation conservation and ecological restoration should be integrated into hazard prevention policy. Third, remote sensing, InSAR, and terrain visualization technologies should be used more systematically to monitor unstable areas and identify early signs of environmental stress. Fourth, watershed-scale modeling should be combined with local slope management so that disaster prevention can respond to both regional and site-specific dynamics (Abad-Segura et al., 2020a, 2020b; Wang et al., 2023; Yu et al., 2016; Zheng et al., 2022).
This paper is also subject to certain limitations. Because it is based on bounded literature synthesis from the reference set provided, it does not include new field data, statistical testing, or case-specific mapping for Yunnan Province. Therefore, its contribution lies primarily in conceptual integration and mechanism interpretation rather than empirical verification. Future research could build on this framework by combining multi-temporal remote sensing data, digital elevation models, rainfall records, and field investigations to construct a more detailed spatial risk model for Yunnan and other mountainous regions.
Overall, the study contributes to the natural science understanding of geological disasters by demonstrating that hazard occurrence is deeply shaped by the coupling of ecological processes and human-induced land transformation. In mountainous regions facing rapid development and climate variability, disaster prevention requires not only technical engineering solutions but also a more ecologically informed understanding of land systems. Only by integrating land use governance, vegetation restoration, hydrological analysis, and hazard monitoring can geological risk be reduced in a more sustainable and scientifically grounded way.
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