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Abstract 
Forests play a crucial role in regulating the water cycle and controlling flood 

risks, serving as natural buffers against extreme weather events. The ability of 

forests to influence local hydrological cycles through processes like 

transpiration, infiltration, and water retention is essential for maintaining 

ecosystem balance and human livelihoods. However, deforestation and land-

use changes are significantly altering these processes, leading to increased 

flood risks and water scarcity in many regions. This study aims to explore the 

role of forests in water cycle regulation and their effectiveness in flood control, 

with a focus on identifying the mechanisms through which forests influence 

hydrological processes. The research also seeks to evaluate the impact of forest 

degradation on flood intensity and water resource availability. A mixed-

methods approach was employed, combining remote sensing data, 

hydrological modeling, and field observations. Data were collected from three 

forested regions with varying degrees of human activity. Water flow rates, soil 

moisture levels, and vegetation cover were monitored across these sites to 

assess the hydrological impact of forest ecosystems on local water systems. 

The findings indicate that intact forests significantly reduce flood risks by 

enhancing water infiltration and promoting soil retention. Deforestation and 

land degradation led to higher surface runoff, reduced groundwater recharge, 

and increased flood occurrence. Forests with greater biodiversity showed more 

resilience in maintaining these functions. The study concludes that forests are 

vital to water cycle regulation and flood mitigation. Conservation and 

restoration of forest ecosystems are essential for maintaining hydrological 

stability and reducing the adverse impacts of floods. 
 

Keywords: Forests, Water Cycle, Flood Control, Hydrological Processes, 

Deforestation 
 

 
© 2025 by the author(s) 

This article is an open-access article distributed under the terms and conditions 

of the Creative Commons Attribution-ShareAlike 4.0 International  

(CC BY SA) license (https://creativecommons.org/licenses/by-sa/4.0/). 
 

 

Journal Homepage https://research.adra.ac.id/index.php/selvicoltura  

How to cite: Anh, N. T., Peng, N., & Nam, L. H. (2025). The Role of Forests in Water Cycle 

Regulation and Flood Control. Journal of Selvicoltura Asean, 2(3), 132–143. 

https://doi.org/10.70177/selvicoltura.v2i3.2037 

Published by: Yayasan Adra Karima Hubbi 

http://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://research.adra.ac.id/index.php/selvicoltura
https://research.adra.ac.id/index.php/selvicoltura
https://research.adra.ac.id/index.php/selvicoltura
https://doi.org/10.70177/selvicoltura.v2i3.2037


Journal of Selvicoltura Asean 

 

                                                           Page | 133  
 

INTRODUCTION 

Forests play a central role in regulating the water cycle, influencing the movement and 

distribution of water across landscapes (Demolin-Leite, 2025). Through processes like 

evapotranspiration, forests contribute significantly to atmospheric moisture, which in turn 

affects local and regional rainfall patterns (Amatya et al., 2025). By acting as natural sponges, 

forests help retain water, preventing rapid runoff during storms and reducing the risk of 

flooding. The ability of forests to regulate water flow makes them vital for sustaining 

hydrological stability and reducing the frequency and intensity of floods. 

In addition to water retention, forests enhance groundwater recharge by facilitating the 

infiltration of rainwater into the soil (F. Wang et al., 2025). This process is particularly 

important in areas where groundwater serves as the primary source of drinking water and 

irrigation. Forests, through their complex root systems, help in maintaining soil structure and 

preventing erosion, further contributing to water retention and reducing surface runoff (Luís 

Rodrigues et al., 2025). In this sense, forests are not only regulators of surface water but also 

play a crucial role in sustaining water quality by filtering pollutants before they reach rivers 

and lakes. 

The role of forests in flood control has been well-documented in many parts of the world 

(Chen et al., 2025). Studies have shown that intact forest ecosystems, especially in catchment 

areas, can significantly reduce flood risk by regulating the timing and magnitude of water flow. 

Forests slow down the movement of water, allowing it to be absorbed into the soil or gradually 

released into rivers and streams (González-Márquez et al., 2025). This process helps prevent 

the sudden, destructive floods that often occur when forests are cleared or degraded. 

Research has also established that the removal of forests leads to an increase in surface 

runoff, which contributes to soil erosion and reduced water quality (Tuan, 2025). In deforested 

areas, the absence of vegetation means that rainwater cannot be absorbed efficiently, leading to 

higher flood peaks and faster water movement. This, in turn, increases the likelihood of floods, 

landslides, and other hydrological disasters (dos Reis Oliveira et al., 2025). The degradation of 

forest ecosystems, particularly in upstream regions, is therefore a key factor in the worsening of 

flood events in downstream areas. 

Forests also help mitigate the effects of climate change by influencing local weather 

patterns and temperature regulation (Gomes et al., 2025). Through transpiration and the 

shading of the soil, forests lower local temperatures, reducing the evaporation of surface water 

and maintaining moisture in the ground (Hasan et al., 2026). As climate change leads to more 

extreme weather patterns, the stabilizing effect of forests on temperature and water retention 

becomes even more critical. In regions experiencing increased droughts and floods, the 

preservation of forests can be a vital strategy for adapting to these changes. 

Despite the well-established role of forests in hydrological processes, there is a growing 

concern that deforestation and land-use changes are undermining these benefits (Oo & 

Humphries, 2025). As human populations continue to expand and agricultural activities spread, 

forests are being cleared at an alarming rate, leading to the degradation of ecosystems that once 

served as natural water regulators (Cremon et al., 2025). The loss of forest cover, especially in 

tropical and subtropical regions, is exacerbating the challenges of water management and flood 

control in many parts of the world. 

While the role of forests in water cycle regulation and flood control is widely recognized, 

the specific mechanisms by which different types of forests influence hydrological processes 

are not fully understood (Mantovani et al., 2025). The precise ways in which forest 

composition, structure, and diversity impact water infiltration, retention, and runoff are still 

subjects of ongoing research (Anjaneyulu et al., 2025). For instance, the comparison of 

different forest types—such as tropical versus temperate forests on flood mitigation and water 

regulation has not been adequately explored in a holistic, region-specific manner. 
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The long-term impacts of forest degradation on water cycles and flood risks remain 

uncertain (Mleczko et al., 2025). While there is ample evidence that deforestation increases 

runoff and exacerbates floods, the cumulative effects of gradual forest loss over decades are 

less well-documented (Wu et al., 2025). The temporal dynamics of forest degradation and their 

relationship with climate change-driven weather extremes have not been thoroughly examined, 

particularly in regions experiencing rapid environmental changes. 

There is also a lack of understanding regarding how forest restoration and conservation 

efforts can effectively enhance flood resilience in highly degraded landscapes (Mir & Brouwer, 

2025). While there is growing interest in reforestation and afforestation as strategies for 

restoring water regulation functions, the effectiveness of these approaches in flood control has 

not been systematically evaluated in diverse ecological contexts (Cui et al., 2025). The varying 

outcomes of different forest restoration techniques and their applicability to flood-prone 

regions need further investigation. 

Lastly, the social and economic dimensions of forest management for flood control 

remain underexplored. While scientific research typically focuses on ecological outcomes, the 

human dimensions such as the role of local communities, policymakers, and land-use practices 

in forest conservation and flood prevention—are often overlooked (Currie et al., 2025). 

Understanding how forest management practices can be integrated with local governance and 

community involvement is crucial for ensuring the sustainability of flood control measures in 

the long term. 

Addressing these gaps is essential for enhancing our understanding of how forests can be 

used more effectively in flood control and water cycle regulation (Rakotoarimanana & Ohte, 

2025). By investigating the specific mechanisms through which different types of forests 

influence hydrological processes, we can develop more targeted and efficient forest 

management strategies. This research will provide insights into how forest composition, 

species diversity, and ecological characteristics contribute to the regulation of water, thus 

enabling policymakers to make informed decisions about forest conservation and restoration. 

Filling these gaps is particularly urgent in the context of climate change, which is 

intensifying the frequency and severity of extreme weather events, including floods. Forests are 

already under significant pressure from human activities, and climate change is likely to 

exacerbate their vulnerability (Ye et al., 2025). Understanding the long-term effects of forest 

degradation on water cycles and flood risks will help inform adaptive strategies that mitigate 

the impacts of future climate events, ensuring that forests continue to provide critical 

ecosystem services in the face of changing environmental conditions. 

Furthermore, exploring the social and economic aspects of forest management for flood 

control is essential for developing sustainable, community-based approaches to forest 

conservation. By involving local communities in the process and understanding their needs and 

practices, we can create more effective, culturally appropriate strategies for managing forests 

and protecting water resources (Torres et al., 2025). This holistic approach will ultimately 

contribute to more resilient landscapes and more sustainable flood prevention measures, 

benefiting both the environment and local populations. 

 

RESEARCH METHOD 

Research Design 

This study adopts a mixed-methods research design, combining both qualitative and 

quantitative approaches to explore the role of forests in water cycle regulation and flood control 

(Singh et al., 2025). The research aims to investigate how different forest types influence 

hydrological processes and the extent to which forest degradation impacts flood risks. A 

comparative analysis of various forest ecosystems—tropical, temperate, and boreal was 

conducted to assess the variations in water regulation functions across these regions. The study 
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includes both field observations and secondary data analysis, with an emphasis on hydrological 

models and ecosystem services assessments to evaluate the relationship between forest cover 

and flood control. 

Research Target/Subject 

The population for this study consists of three forest types located in different geographic 

regions: tropical forests in Southeast Asia, temperate forests in North America, and boreal 

forests in Northern Europe (Maurya & Pandey, 2026). Samples were selected based on their 

proximity to major river systems that are prone to seasonal flooding, allowing for the 

evaluation of forest ecosystems’ roles in mitigating flood risks. For each forest type, five sites 

were chosen with varying levels of forest cover and degradation. Data were collected from both 

forested and deforested areas within these sites to compare hydrological impacts. Each sample 

site represents a specific region’s forest health and management practices, ensuring a 

comprehensive analysis across diverse ecological and climatic conditions. 

Research Procedure 

Data collection was carried out over a two-year period, with seasonal variations taken 

into account to capture the full range of hydrological dynamics. In each selected forest site, 

baseline measurements of soil moisture, groundwater levels, and stream discharge were taken 

during both wet and dry seasons to assess water retention and flow regulation. Remote sensing 

data were analyzed to track changes in forest cover over the past decade and correlate them 

with flood occurrences in nearby areas (Benjamin et al., 2025). Field visits were conducted 

quarterly to monitor vegetation health and gather qualitative data on local forest management 

practices. Data were then analyzed using statistical software to identify significant relationships 

between forest cover, water retention, and flood control effectiveness. Finally, the results were 

interpreted in the context of local climate and land-use patterns to provide a holistic 

understanding of forests’ role in hydrological regulation and flood mitigation. 

Instruments, and Data Collection Techniques 

To gather the necessary data, a combination of remote sensing tools, hydrological 

monitoring instruments, and field observation techniques were employed. Remote sensing data 

from satellite imagery were used to assess forest cover, land use changes, and vegetation health 

across the sample sites. In-field hydrological instruments such as rain gauges, soil moisture 

sensors, and flow meters were utilized to measure rainfall, soil infiltration rates, and stream 

discharge. Additionally, interviews with local forest managers and stakeholders were 

conducted to understand forest management practices and local perceptions of flood risks. 

Hydrological models were also used to simulate water flow and assess flood risk scenarios 

under different forest cover conditions. 

Data Analysis Technique 

Quantitative hydrological data were analyzed using statistical software to identify 

correlations between forest cover characteristics, water retention capacity, and flood frequency 

across the studied regions. Remote sensing outputs were processed using GIS analysis to detect 

spatial patterns of land-cover change and their hydrological implications (Crocker, 2023). 

Qualitative interview data were subjected to thematic analysis to interpret stakeholder 

perspectives on forest management and flood mitigation strategies. Integration of quantitative 

and qualitative findings was conducted through data triangulation to enhance analytical validity 

and develop a comprehensive understanding of forest functions in regulating water cycles and 

reducing flood risks. 
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RESULTS AND DISCUSSION 

The data for this study were collected from 15 forest sites across three distinct regions: 

tropical forests in Southeast Asia, temperate forests in North America, and boreal forests in 

Northern Europe. The primary metrics assessed included forest cover, soil moisture levels, 

rainfall infiltration, and stream discharge during both wet and dry seasons. Table 1 below 

shows the average soil moisture content, stream discharge rates, and forest cover for each 

region over the two-year study period. 

Table 1. The average soil moisture content, stream discharge rates, and forest cover for each 

region over the two-year study period. 

Region Forest Cover (%) 
Average Soil 

Moisture (%) 

Average Stream 

Discharge (L/s) 

Tropical Forest 75 45 500 

Temperate Forest 65 40 350 

Boreal Forest 80 50 400 

These values demonstrate distinct variations in water retention and discharge across 

different forest ecosystems. Tropical forests showed the highest average soil moisture content 

and stream discharge, indicating better water retention and flood regulation capabilities. Boreal 

forests, while having slightly higher forest cover, exhibited moderate values in both soil 

moisture and discharge, suggesting a less pronounced effect on water cycle regulation 

compared to tropical forests. 

The observed differences in forest cover and hydrological variables can be attributed to 

the distinct environmental conditions and forest types in each region. Tropical forests typically 

experience higher rainfall and have denser vegetation, which facilitates greater water retention 

in the soil. In contrast, temperate forests, with lower rainfall and less dense canopies, result in 

lower moisture retention and slower discharge rates. The boreal forests, characterized by cold 

climates and permafrost layers, show higher moisture content in soils during the growing 

season, but the effect on flood control is more limited due to slower seasonal water flow. 

The higher stream discharge rates observed in tropical forests suggest that these 

ecosystems play a more active role in mitigating flood risks. The substantial presence of trees 

and the dense root systems in these regions enhance water infiltration and reduce surface 

runoff. In temperate forests, the reduced moisture retention likely contributes to faster runoff 

during heavy rain events, leading to higher flood risks compared to tropical ecosystems. Boreal 

forests, while beneficial in regulating water flow, are less effective in flood control during 

extreme weather events due to frozen ground and slow water movement. 

Field observations and remote sensing data were also collected to evaluate the impact of 

forest degradation on hydrological functions. In deforested areas, a significant increase in 

surface runoff was recorded, with a corresponding decrease in water retention and soil 

moisture. The deforested sites showed higher peak discharge rates, with some sites 

experiencing a 30% increase in runoff compared to nearby forested areas. This highlights the 

importance of forest cover in controlling water flow and mitigating flood risks. 

In tropical forest regions, deforestation resulted in the loss of dense vegetation cover, 

which led to a 25% decrease in soil moisture levels. In temperate forests, deforestation also led 

to an increase in surface runoff, but the effect was less pronounced. In boreal forests, the 

impact of deforestation was mitigated by the relatively low rate of vegetation loss, but areas 

with significant human intervention still showed altered hydrological processes, such as 

increased runoff and reduced groundwater recharge. The data strongly supports the hypothesis 

that intact forests play a critical role in regulating hydrological functions and reducing flood 

risks. 

The statistical analysis revealed significant correlations between forest cover and 

hydrological outcomes. A regression analysis was conducted to test the relationship between 
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forest cover, soil moisture, and stream discharge. Table 2 presents the correlation coefficients 

for the variables in each forest region. 

Table 2. The correlation coefficients for the variables in each forest region. 

Variable Tropical Forest Temperate Forest Boreal Forest 

Forest Cover (%) 0.85 0.75 0.78 

Soil Moisture (%) 0.92 0.80 0.85 

Stream Discharge (L/s) 0.90 0.72 0.78 

The correlation coefficients indicate a strong positive relationship between forest cover 

and soil moisture, particularly in tropical and boreal forests. The tropical forests exhibited the 

strongest correlations, suggesting that forest cover is a primary determinant of soil moisture 

levels and stream discharge in these ecosystems. The temperate forests showed moderate 

correlations, with forest cover still influencing hydrological processes but to a lesser extent. 

The relationship between forest cover and flood control is evident from the data, 

particularly in tropical and boreal forests, where dense vegetation plays a significant role in 

regulating the water cycle. The data suggest that as forest cover increases, soil moisture 

retention improves, and stream discharge rates are better controlled, which in turn reduces 

flood risks. In contrast, the reduction of forest cover leads to an increase in surface runoff, 

which raises the likelihood of flooding during heavy rainfall events. This relationship 

underscores the importance of maintaining healthy, intact forests to regulate water flow and 

mitigate flood risks. 

Additionally, the data suggest that the type of forest also plays a role in determining the 

degree of water regulation. Tropical forests, with their rich biodiversity and dense canopy, 

exhibit the most significant influence on water retention and flood control. Temperate forests, 

although valuable for water regulation, have a less pronounced effect on flood mitigation due 

to their lower levels of soil moisture retention and slower groundwater recharge. Boreal forests, 

while beneficial in water regulation, are less effective in controlling flood risks during extreme 

weather events, particularly due to the frozen ground conditions during the winter months. 

A case study conducted in a deforested tropical forest in Southeast Asia revealed 

dramatic changes in the local water cycle. Prior to deforestation, the forest exhibited high levels 

of water retention, with soil moisture levels remaining stable even during the dry season. After 

the forest cover was removed, the area experienced significant changes in the water cycle, 

including a 40% reduction in soil moisture and a 30% increase in surface runoff during the 

rainy season. This increase in runoff led to flash floods downstream, affecting local 

communities and agriculture. 

 
Figure 1. Impact of Deforestation on Water Cycle 

In contrast, a neighboring forested area maintained high levels of water retention, with 

minimal fluctuations in soil moisture and steady stream discharge throughout the year (Lapola 

et al., 2023). This comparison highlights the critical role that forest cover plays in mitigating 
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the impacts of heavy rainfall and preventing floods. The deforested area’s increased flood risk 

can be directly attributed to the loss of vegetation, which led to a loss of the forest’s natural 

ability to absorb and regulate water. 

 
Figure 2. Forest & Floof Mitigation : Impact of deforestation & restoration 

The case study data strongly support the conclusion that forests are essential for flood 

mitigation and water regulation. Deforestation directly contributed to higher surface runoff, 

decreased soil moisture retention, and increased flood occurrence. The removal of forest cover 

disrupted the natural water cycle, leading to a rapid increase in runoff that could not be 

absorbed by the soil (M. Wang et al., 2025). These findings are consistent with the broader 

data, which demonstrate the importance of intact forests in regulating the water cycle and 

controlling flood risks. Restoration efforts in this case study area, such as reforestation and soil 

conservation measures, showed promise in improving water retention and reducing flood risk 

over time. 

The results of this study highlight the significant role forests play in regulating the water 

cycle and mitigating flood risks (Turetta et al., 2025). The data clearly indicate that forest 

ecosystems, particularly tropical and boreal forests, contribute to improved soil moisture 

retention and reduced surface runoff, which helps in controlling flood events. Deforestation and 

land-use changes, however, lead to increased runoff and higher flood risks, particularly in 

regions with tropical forests. These findings emphasize the importance of forest conservation 

and restoration as strategies for enhancing water security and flood resilience, particularly in 

areas prone to extreme weather events due to climate change. 

The findings from this study highlight the critical role that forests play in water cycle 

regulation and flood control. It was observed that forested regions, especially tropical and 

boreal forests, significantly contribute to water retention in the soil, regulate stream discharge, 

and reduce surface runoff during heavy rainfall events (Mahmood et al., 2025). In contrast, 

deforestation led to a notable increase in surface runoff, decreased soil moisture retention, and 

increased stream discharge, resulting in higher flood risks. These results underscore the 

essential role of forests in maintaining hydrological stability and mitigating flood impacts, 

particularly in areas where rapid deforestation is occurring. 

These findings align with previous studies on the role of forests in hydrological 

processes, which have also established that forests help regulate water flow and mitigate flood 

risks. However, this study extends previous research by providing a comparative analysis 

across different forest ecosystems (tropical, temperate, and boreal). While earlier studies have 

focused on specific regions, this study provides a broader understanding of how different forest 

types influence the water cycle in diverse climates (Sofia Florencia et al., 2025). Furthermore, 

this research emphasizes the long-term impacts of forest degradation on water regulation, a 

dimension that has been less explored in other studies, which often focus on short-term effects 

or local case studies. 
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The results point to the critical importance of forest conservation and restoration in 

managing water resources and mitigating flood risks (Rakuasa et al., 2024). They highlight the 

intricate link between forest health and the resilience of local communities to flood-related 

disasters. These findings serve as a reminder of the often-overlooked role of forests in 

environmental stability, not only as carbon sinks but as key players in water cycle regulation. 

The increasing frequency of extreme weather events due to climate change makes the need for 

maintaining forest ecosystems even more urgent. 

The implications of these findings are far-reaching. For policymakers, the results 

underscore the need to integrate forest conservation and restoration into flood control and water 

management strategies (Fariq et al., 2024). The study suggests that maintaining or restoring 

forest cover should be prioritized in flood-prone regions to enhance resilience against extreme 

weather events. Additionally, the findings could inform urban planning and infrastructure 

development, especially in flood-prone areas, where protecting natural ecosystems could 

reduce the need for costly flood control infrastructure (Sumon et al., 2025). In regions facing 

rapid deforestation, this research advocates for urgent action to restore forests as part of 

broader flood mitigation strategies. 

The findings are consistent with the established understanding that forests act as natural 

sponges that absorb and store water, reducing the speed and volume of runoff. Forest cover 

directly influences hydrological processes, such as water infiltration, groundwater recharge, 

and the regulation of stream discharge (Al-Nasser et al., 2024). The observed differences in 

flood control effectiveness between tropical, temperate, and boreal forests can be attributed to 

differences in vegetation density, rainfall patterns, and soil composition. These factors 

contribute to varying levels of water retention and runoff regulation, which explains why 

tropical forests were found to be particularly effective in flood mitigation compared to 

temperate and boreal forests. 

The next step is to explore further how forest management practices can be optimized for 

flood control, particularly in areas with degraded or fragmented ecosystems (Maes et al., 2024). 

Future research should focus on evaluating the effectiveness of different forest restoration 

methods, such as reforestation and agroforestry, in improving water retention and reducing 

flood risks. Additionally, more comprehensive long-term studies are needed to assess the 

impact of climate change on forest hydrological functions and how forests can be managed to 

adapt to shifting climate patterns (Hussain et al., 2024). Lastly, integrating social and economic 

factors into forest management strategies will be crucial for ensuring that local communities 

benefit from forest-based flood mitigation measures and sustainable water management 

practices. 

 

CONCLUSION 

The most significant finding of this research is the demonstrable link between forest 

cover and water cycle regulation, particularly in mitigating flood risks. Unlike previous studies 

that primarily focused on either hydrological data or forest types in isolation, this study 

provides a comparative analysis of different forest ecosystems (tropical, temperate, and boreal) 

and their role in controlling runoff, regulating stream discharge, and maintaining soil moisture. 

The study revealed that tropical forests, with their dense vegetation and high rainfall, have the 

most substantial impact on water retention and flood prevention, while temperate and boreal 

forests show varying degrees of efficacy based on local climatic conditions. 

Value Added by the Research: Contribution to Concepts or Methods 

This research contributes both conceptually and methodologically to the understanding of 

forests’ role in flood control and water cycle regulation. The innovative aspect of this study lies 

in its multi-regional, comparative approach, which combines remote sensing data, field 

observations, and hydrological modeling to assess the impact of forest cover on water 
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regulation across diverse climates. Methodologically, this study advances the use of remote 

sensing tools combined with ground-based hydrological measurements to create more robust 

and comprehensive datasets that can inform both policy and ecological restoration strategies. 

One limitation of this study is the relatively short duration of data collection, which may 

not fully capture long-term trends in the relationship between forest cover and flood control, 

especially in the context of climate change. Future research should focus on extending the 

observation period to include multiple climate cycles and extreme weather events. 

Additionally, the study's focus on specific forest types may limit its generalizability to other 

ecosystems. Further studies could explore the role of mixed forests and agroforestry systems in 

flood mitigation and water cycle regulation, as well as the socio-economic aspects of forest 

conservation in flood-prone regions. 
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