
Rimba Torean Journal  

Volume 02, Number 01, 2026 pp. 45-52  
P-ISSN: 0000-00XX E-ISSN : 0000-00XX 
Open Access:  https://dx.doi.org/10.xxxx/xx   
 

*E-mail addresses: dilajuandti24@gmail.com  

LAND USE CHANGES AND ITS IMPACT ON ECOSYSTEM 
BALANCE IN TROPICAL REGIONS  

Nadila Juandti1, Eriansyah Pratama2, Nurul Faujia3, Ika Gusnul Safitri4 

1,2,3,4 Pendidikan Geografi, Fakultas Keguruan dan Ilmu Peendidikan, Universitas Muhammadiyah Mataram, Kota Mataram, Indonesia 
 

 
A B S T R A K 

Perubahan penggunaan lahan di wilayah tropis merupakan 
fenomena yang semakin meningkat seiring dengan pertumbuhan 
penduduk dan perluasan aktivitas ekonomi. Studi ini bertujuan 
untuk menganalisis dampak perubahan penggunaan lahan 
terhadap keseimbangan ekosistem di wilayah tropis, dengan fokus 
pada aspek keanekaragaman hayati, siklus hidrologi, dan stabilitas 
iklim mikro. Metode yang digunakan adalah pendekatan kualitatif 
berdasarkan studi literatur dengan menganalisis berbagai 
publikasi ilmiah terkini yang relevan. Hasil penelitian 
menunjukkan bahwa konversi hutan menjadi lahan pertanian, 
perkebunan, dan kawasan permukiman menyebabkan penurunan 
keanekaragaman hayati yang signifikan dan mengganggu fungsi 
ekologis utama, termasuk penyerapan karbon dan pengaturan air. 
Selain itu, perubahan tutupan lahan juga berkontribusi pada 
peningkatan suhu lokal dan perubahan pola curah hujan. Dampak 
kumulatif dari perubahan ini berpotensi mengganggu 
keseimbangan ekosistem secara keseluruhan dan meningkatkan 
kerentanan terhadap bencana lingkungan. Oleh karena itu, strategi 

pengelolaan lahan yang berkelanjutan dan berbasis konservasi diperlukan untuk menjaga 
stabilitas ekosistem tropis.  
 
A B S T R A C T 

Land-use change in tropical regions is a phenomenon that is increasing in tandem with population 
growth and the expansion of economic activities. This study aims to analyze the impacts of land-use 
change on ecosystem balance in tropical regions, focusing on biodiversity, the hydrological cycle, and 
microclimate stability. The method employed is a qualitative approach based on a literature review, 
analyzing various relevant recent scientific publications. The findings indicate that the conversion of 
forests into agricultural land, plantations, and residential areas leads to a significant decline in 
biodiversity and disrupts key ecological functions, including carbon sequestration and water regulation. 
Furthermore, changes in land cover also contribute to increased local temperatures and altered rainfall 
patterns. The cumulative impacts of these changes have the potential to disrupt the overall ecosystem 
balance and increase vulnerability to environmental disasters. Therefore, sustainable and 
conservation-based land management strategies are needed to maintain the stability of tropical 
ecosystems.
 

1. INTRODUCTION 

Land use change is a dynamic process influenced by human activities such as 
urbanization, agriculture, and natural resource exploitation, which directly impacts the 
structure and function of ecosystems. In the tropical context, this change is particularly 
significant because tropical ecosystems possess high biodiversity and play a crucial role in the 
global carbon cycle and climate balance. According to (Ardi Kusumawati & Prayogo, 2019), land 
use change from forest to agricultural land can reduce carbon stocks and soil microbial activity, 
thus disrupting ecosystem balance. Furthermore, land use change is also closely linked to 
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environmental degradation and the overall decline in ecosystem quality (Sanjesti & Silviana, 
2025). 

Several studies have shown that land-use changes in tropical regions have a significant 
impact on the biophysical aspects of the environment. (Ilmi et al., 2026) found that land-use 
changes in tropical peatlands cause changes in soil carbon dynamics, which have implications 
for increased carbon emissions. Furthermore, research (Ardiansyah et al., 2025) shows that 
plantation expansion and mining activities cause changes in land cover that threaten the 
sustainability of local ecosystems. Another study by (Rafly et al., 2025) also revealed that land-
use changes in watersheds cause ecological degradation and impact the socioeconomic 
conditions of communities. 

Other research highlights the link between land-use changes and biodiversity decline. 

(Rahmawati A. Damiti et al., 2025) state that human activities such as deforestation and 
infrastructure development accelerate tropical forest degradation and lead to biodiversity loss. 
(Agnesia & Ade Fitri, 2025) also explain that environmental changes, including land-use changes, 
contribute to ecosystem instability and increase the risk of environmental disasters. In addition, 
global research shows that changes in tropical ecosystems are correlated with declines in 
ecological functions such as nutrient cycling and energy balance. 

From a hydrological and environmental quality perspective, land use change also 
impacts water management systems and soil fertility. Land use change in peat areas affects the 
region's hydrological response (Ilmi et al., 2026). (Utami, 2019) added that this change also 
impacts soil carbon content and ecosystem stability. Meanwhile, (Ardi Kusumawati & Prayogo, 
2019) demonstrated a decline in soil quality due to the conversion of forest land to cultivated 
land. 

Other research also shows that land use change is closely related to increasing 
anthropogenic pressures. (Ardiansyah et al., 2025) revealed that urbanization and economic 
expansion are the main factors causing land cover change. (Angraini Fopy et al., 2020) 
emphasized that community activities in land use contribute to environmental degradation. 
(Irwan Saputra Pajerih, 2023) also added that these changes impact not only the environment 
but also the socio-economic resilience of communities surrounding the ecosystem. 

In general, these various studies indicate that land-use changes in tropical regions have 
multidimensional impacts, ranging from soil degradation, carbon cycle disruption, hydrological 
degradation, and biodiversity loss. (Agnesia & Ade Fitri, 2025) emphasize that these changes 
exacerbate ecosystem imbalances and increase vulnerability to climate change. Therefore, land-
use change is a major factor influencing the sustainability of tropical ecosystems. 

Based on this description, it can be concluded that although numerous studies have 
examined the impacts of land-use change, there are still gaps in the integration of analyses 
between biophysical, social, and ecosystem balance aspects holistically, particularly in tropical 
regions. This research takes a comprehensive approach that links land-use change to overall 
ecosystem balance. Therefore, this study aims to analyze land-use change and its impact on 
ecosystem balance in tropical regions. 
 

2. METHOD 

This research uses a quantitative approach supported by Geographic Information 
Systems (GIS)-based spatial analysis to systematically and measurably examine land use 
changes and their impact on ecosystem balance in tropical regions. This quantitative approach 
was chosen because it has the ability to process numerical data objectively and produce 
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empirically testable findings. In the context of this research, the data analyzed is not only 
numerical but also spatial data depicting the condition of the Earth's surface in the form of maps 
and satellite imagery, allowing for accurate analysis of land use change over time (Rafly et al., 
2025). Thus, this approach allows researchers to obtain more accurate and scientifically reliable 
analysis results, particularly in understanding the dynamics of land use change (Lambin & Geist, 
2006). 

The use of Geographic Information Systems (GIS) in this research serves as the primary 
tool for processing and analyzing geospatial data. GIS enables the integration of various types of 
data, such as multi-temporal satellite imagery, land use maps, and topographic data, into a 
single, structured and comprehensive system (Longley et al., 2015). Through this process, 
researchers can conduct spatial analysis that includes the identification, classification, and 
visualization of land use changes in greater depth. The advantage of GIS lies in its ability to 
display data in informative visual forms, thus facilitating interpretation of the phenomena being 
studied. Furthermore, remote sensing technology integrated into GIS enables continuous and 
accurate monitoring of land use change (Jensen, 2016). 

The spatial analysis approach used in this study was used to identify patterns, directions, 
and intensity of land use change in tropical regions. This analysis was conducted by comparing 
land use data from several different time periods to identify trends in change. Furthermore, 
spatial analysis also allows researchers to examine the relationship between land use change 
and environmental factors, such as regional accessibility, proximity to centers of economic 
activity, and the region's biophysical conditions. Therefore, this research focuses not only on 
identifying land use change but also on understanding the causal factors and implications of 
such change (Turner et al., 2007). 

A quantitative GIS-based approach was also used to analyze the impact of land-use 
change on ecosystem balance. This impact was assessed through several environmental 
indicators, such as changes in vegetation cover, water infiltration capacity, erosion potential, and 
carbon sequestration capacity. This analysis was conducted by linking land-use change data with 
environmental conditions derived from spatial data interpretation. Thus, this study was able to 
explain the causal relationship between human activities in land use and changes in ecosystem 
conditions, which have been shown to impact environmental systems globally (Foley, 2005). 

The use of a quantitative approach supported by GIS-based spatial analysis in this study 
provides the advantage of producing comprehensive, accurate, and scientifically based 
information. This method allows for the integration of spatial and environmental analysis, thus 
depicting the complex relationship between land-use change and ecosystem balance. 
Furthermore, the research results obtained through this approach can be used as a basis for 
formulating sustainable environmental management policies. Thus, this approach not only 
contributes to the development of science but also has practical implications for efforts to 
maintain ecosystem sustainability in tropical regions  (Longley et al., 2015). 
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Gambar 1. Research procedure 
 
Land use change is a dynamic process influenced by human activities such as 

urbanization, agriculture, and natural resource exploitation, which directly impacts the 
structure and function of ecosystems. In the tropical context, this change is particularly 
significant because tropical ecosystems possess high biodiversity and play a crucial role in the 
global carbon cycle and climate balance. According to (Ardi Kusumawati & Prayogo, 2019), land 
use change from forest to agricultural land can reduce carbon stocks and soil microbial activity, 
thereby disrupting ecosystem balance. Furthermore, land use change is closely linked to 
environmental degradation and a decline in overall ecosystem quality (Normasyhuri & Rohadi, 
2022). 

Several studies have shown that land use change in tropical regions has a significant 
impact on the biophysical aspects of the environment. (Ardli Swardana, 2022) found that land-
use changes in tropical peatlands cause changes in soil carbon dynamics, which have 
implications for increased carbon emissions. Furthermore, research (Ardiansyah et al., 2025) 
shows that plantation expansion and mining activities cause changes in land cover that threaten 
local ecosystems. Another study by (Rafly et al., 2025) also revealed that land-use changes in 
watersheds cause ecological degradation and impact the socio-economic conditions of 
communities. 

Other research highlights the link between land-use changes and biodiversity decline. 
(Irwan Saputra Pajerih, 2023) states that human activities such as deforestation and 
infrastructure development accelerate tropical forest degradation and lead to biodiversity loss. 
(Ameliyah et al., 2025) also explain that environmental changes, including land-use changes, 
contribute to ecosystem instability and increase the risk of environmental disasters. 
Furthermore, global research shows that changes in tropical ecosystems are causing extinction 
due to the decline in ecological functions such as nutrient cycling and energy balance. 

From a hydrological and environmental quality perspective, land-use changes also 
impact air quality systems and soil fertility. (Normasyhuri & Rohadi, 2022) found that land-use 
changes in peat areas affect the region's hydrological response. These changes also impact soil 
carbon content and ecosystem stability. Meanwhile, (Ardi Kusumawati & Prayogo, 2019) 
showed a decline in soil quality due to the conversion of forest land to cultivated land. 

Other studies also show that land-use changes are closely related to increasing 
anthropogenic pressures. (Ardiansyah et al., 2025) revealed that urbanization and economic 
expansion are the main factors causing land cover change. (Nur, 2023) emphasized that 
community activities in land use contribute to environmental degradation. (Irwan Saputra 
Pajerih, 2023) also added that these changes impact not only the environment but also the socio-
economic resilience of communities surrounding the ecosystem. 

In general, these studies indicate that land-use changes in tropical regions have 
multidimensional impacts, ranging from soil degradation, carbon cycle disruption, hydrological 
degradation, and biodiversity loss. (Ameliyah et al., 2025) emphasizes that these changes 
worsen ecosystems and increase vulnerability to climate change. Therefore, land-use change is a 
major factor affecting tropical ecosystems. 

Based on this description, it can be concluded that although numerous studies have 
examined the impacts of land-use change, there is still a gap in the analysis of the integration of 
biophysical, social, and ecosystem balance holistically, particularly in tropical regions. This new 
research takes a comprehensive approach that encompasses land-use change and ecosystem 
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balance as a whole. Therefore, this study aims to analyze land-use change and its impact on 
ecosystem balance in tropical regions. 

 

3. RESULT AND DISCUSSION 

Result 

The analysis of land use change indicates significant dynamics in the study area during 
the observation period. Multi-temporal satellite imagery interpretation revealed a significant 
decrease in forest cover, much of which was converted to agricultural land and settlements. 
Furthermore, the increase in built-up areas indicates intensifying anthropogenic pressure on the 
environment. This pattern of change indicates that human activity is a major factor driving land 
use transformation in tropical regions, consistent with previous research findings that economic 
expansion and population growth are the primary drivers of land use change (Lambin & Geist, 
2006). 

Further spatial analysis revealed uneven distribution of land use change. Areas with high 
accessibility, such as those near main roads and centers of economic activity, experienced 
changes more rapidly than relatively remote areas. Furthermore, the land use classification 
results demonstrated a high level of accuracy based on the confusion matrix test, thus the 
resulting data can be considered valid for further analysis. This pattern reinforces the 
assumption that location and accessibility factors play a significant role in determining the 
intensity of land use change (Wulder, 2018). 

The impact of land use change on ecosystem balance is evident in the decline in 
environmental quality, as indicated by several indicators. The analysis results indicate an 
increased potential for soil erosion in deforested areas, as well as a reduction in water 
infiltration capacity due to the increase in impermeable surfaces. Furthermore, changes in 
vegetation cover also reduce the ecosystem's ability to absorb carbon, which has implications 
for increased greenhouse gas emissions. These findings align with research suggesting that land-
use change contributes to disruptions in the hydrological and carbon cycles (Foley, 2005). 

The land-use change simulations conducted in this study indicate that if land conversion 
trends continue, ecosystem balance will be further disrupted in the future. The simulation model 
predicts a significant increase in built-up land and a decrease in natural vegetation area in the 
coming decades. This situation has the potential to lead to the loss of natural habitat, a decline in 
biodiversity, and increased vulnerability to environmental disasters such as floods and 
landslides. These results reinforce the importance of sustainable land-use management to 
maintain ecosystem stability. 

Overall, the research results indicate that land-use change is strongly linked to the 
decline in ecosystem balance in tropical regions. The integration of spatial analysis and 
simulations provides a comprehensive picture of the impacts, both in the short and long term. 
These findings emphasize that mitigation and control efforts for land use change need to be 
carried out in a planned manner and based on scientific data, in order to maintain the 
sustainability of ecosystem functions and environmental balance in tropical regions. 

Discussion 

The research results show that land use change in tropical regions is dominated by the 
conversion of forests to agricultural and residential areas. This phenomenon reflects strong 
anthropogenic pressures due to economic needs and population growth. Theoretically, this 
finding aligns with the land use change framework proposed by (Lambin & Geist, 2006), which 
states that socio-economic factors are the primary drivers of landscape transformation. 



Rimba Torean Journal Vol. 02, No. 01 Tahun 2026, pp. 45-52  50 

 

RTJ P-ISSN: 0000-000X E-ISSN : 0000-0000  

Furthermore, this change also indicates a shift from ecological land functions to economic 
functions, potentially reducing the environment's capacity to optimally provide ecosystem 
services. 

The uneven spatial distribution of land use change indicates that accessibility and 
proximity to activity centers play a significant role in determining the intensity of change. Areas 
with good transportation access tend to experience land conversion more rapidly than those 
with less accessible access. This reinforces the spatial interaction theory, which states that 
proximity to centers of economic growth increases pressure on land use. Therefore, spatial 
aspects are a crucial factor to consider in spatial planning to minimize negative impacts on the 
environment. 

The impact of land use change on ecosystem balance is clearly evident in the decline in 
environmental quality, particularly in hydrology and soil stability. Deforestation reduces the 
soil's ability to absorb water, increasing the risk of erosion and flooding. Furthermore, reduced 
vegetation cover also reduces carbon sequestration capacity, contributing to climate change. 
These findings are consistent with research (Foley, 2005) which states that land-use change is a 
major factor influencing the global environmental system. 

Simulation results showing the potential for increased built-up land and decreased 
natural vegetation in the future confirm that without appropriate intervention, ecosystem 
balance will be increasingly disrupted. This simulation provides important predictive insights 
for environmental planning, particularly in anticipating the long-term impacts of land-use 
change. Therefore, land management policies based on sustainability principles are needed, such 
as controlling land conversion and implementing environmentally sound development concepts. 

Overall, this discussion confirms that land-use change impacts not only the physical 
aspects of the environment but also the stability of the ecosystem as a whole. The 
interrelationships between human factors, spatial conditions, and ecosystem dynamics 
demonstrate that this issue is complex and multidimensional. Therefore, an integrative 
approach that combines spatial analysis, environmental policy, and community participation in 
land-use management is necessary. Thus, the results of this study provide an important 
contribution in strengthening the understanding of the relationship between land use change 
and ecosystem balance in tropical regions. 

 
4. CONCLUSION 

Based on the research results and discussion, it can be concluded that land use change in 
tropical regions exhibits significant dynamics, primarily in the form of forest conversion to 
agricultural land and settlements. This change is influenced by anthropogenic factors such as 
population growth and economic activity, as well as spatial factors such as regional accessibility. 
The analysis shows that land use change has a significant impact on the decline in ecosystem 
balance, characterized by increased erosion, disruption of the hydrological cycle, and decreased 
carbon sequestration capacity. 

Furthermore, simulation results indicate that if the trend of land use change continues 
unchecked, ecosystem conditions will become increasingly degraded in the future. Therefore, 
sustainable land management efforts based on scientific data are needed to maintain ecosystem 
balance. This research also emphasizes the importance of an integrative approach in 
understanding the relationship between land use change and ecosystem dynamics in tropical 
regions. 
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