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Abstract: The 2024 World Water Forum in Bali highlighted urgent challenges in water resource 
management, particularly for developing countries grappling with climate change, urbanization, and 
rising demands for clean water. The Forum emphasized the need for integrated and sustainable 
management approaches to secure long-term water availability while protecting ecosystems. In this 
context, our study focuses on Jatibarang Reservoir in Semarang, a vital infrastructure for flood control 
and raw water supply, which is now threatened by severe sedimentation. Current data indicate that the 
reservoir’s operational lifespan has diminished to 21.1 years, well below the projected 50 years, due to 
an annual sediment load of 653,977.32 tons. Exacerbating the issue is a top-down management approach 
that limits community engagement and prioritizes flood control over comprehensive, sustainable 
practices. Through a qualitative case study, we explore ecological impacts, technical catchment 
characteristics, and institutional collaboration among key stakeholders. Our findings reveal inadequate 
sediment management and poor stakeholder cooperation, underscoring the need for a shift to 
collaborative governance. We recommend legal frameworks for community-based management, green 
technologies for sediment control, and stronger partnerships. These strategies aim to extend the 
reservoir's lifespan and ensure sustainable water resource management, aligning with the Forum’s 
global call for action. 
Keywords: Collaborative governance, Community-based management, Flood management, Reservoir sedimentation, Water 
resource management. 

 
1. Introduction  

Water resource management remains a critical challenge for developing countries, especially in the 
face of climate change and increasing demand for clean water and irrigation [1]. Previous researchers 
have highlighted the urgency for an urgent decision making in managing the country’s water resources 
management (Hamidi, 2020; He et al., 2020; Hinegk et al., 2022; Roncoli et al., 2009; Soekarno et al., 
2024).Therefore, the World Water Forum in Bali underscored the necessity of sustainable and 
comprehensive water management practices, emphasizing cross-sector collaboration [7]. This paper 
aligns with the Forum’s recommendations, focusing on case studies like the Jatibarang Reservoir to 
illustrate the environmental, economic, and social aspects of sustainable reservoir management. 

Jatibarang Reservoir, located in Semarang, serves a dual purpose: flood control and raw water 
supply. However, it faces significant challenges such as rapid sedimentation and pollution, which 
threaten its operational lifespan and water quality. Addressing these issues requires a holistic approach 
involving technological interventions, effective governance, and adaptive management strategies. The 
sedimentation problem is particularly acute, reducing water storage capacity and impacting ecosystem 
balance, which calls for strategic, long-term solutions. 

The study also highlights the importance of institutional collaboration among government bodies, 
private sectors, and local communities. Successful water management programs often depend on robust 
institutional frameworks that promote cooperation across various administrative levels. For Jatibarang 
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Reservoir, this means fostering coordination between central, provincial, and municipal stakeholders to 
develop integrated and sustainable management practices. Such collaborations are essential for 
addressing sedimentation issues and ensuring the reservoir continues to serve its intended purposes 
efficiently. 

Previous research has shown that sustainable reservoir management must consider environmental 
sustainability, economic viability, and social well-being [8], [9], [10]. The Jatibarang case study 
illustrates how sedimentation and pollution can be mitigated through green technology, comprehensive 
planning, and stakeholder partnerships. By incorporating these elements, the reservoir can remain a 
reliable water source while minimizing negative ecological impacts. The research presented here aims to 
develop a collaborative model that ensures the reservoir's benefits are long-lasting and equitable. 

The objective of this research is to conduct a comprehensive analysis of various aspects that 
contribute to the balance and carrying capacity of the Jatibarang Reservoir ecosystem. This includes 
evaluating the reservoir's lifespan, technical parameters of the catchment area, and monitoring water 
levels to understand fluctuations. The study will also assess storage capacities, water control functions 
for flood prevention and supply, and hydrological conditions such as baseflow, discharge rates, and 
annual inflow. Additionally, it will investigate erosion and sedimentation, assess the safety and capacity 
of spillway structures, and review the zoning of green belt areas, including arboretum and ecotourism 
components. Furthermore, the research will explore institutional cooperation among stakeholders, 
examining integrated flood management models and coordination practices among government entities 
at various levels. It will highlight the roles of key agencies, evaluate collaboration mechanisms for 
resource management, and assess community participation in managing the reservoir. By analyzing 
factors such as policy frameworks, authority distribution, funding mechanisms, and operational 
coordination, the research aims to identify institutional strengths and challenges and provide 
recommendations for improving the reservoir's management and sustainability. 

Furthermore, this research explores analyzing institutional cooperation among stakeholders 
involved in the management of the Jatibarang Reservoir. This includes examining the integrated flood 
management model in Semarang City and evaluating coordination and communication practices among 
government entities, such as the Central Government, Provincial Government of Central Java, and the 
Semarang City Government. The study will highlight the strategic roles of key agencies, including the 
Ministry of Public Works, the Directorate General of Water Resources, the Pemali-Juana River Basin 
Office, and the Jatibarang Reservoir Development Team. Additionally, the method will investigate the 
coordination mechanisms among stakeholders responsible for flood control, water supply for irrigation 
and drinking purposes, hydropower generation, and the development of nature tourism destinations. 
Community participation, particularly from local leaders and impacted regional stakeholders (villages 
and subdistricts), in institutional cooperation efforts will also be assessed. 
 
2. Methodology 
2.1. Object of This Study 

The research object shown in the map is the Jatibarang Reservoir, located in Semarang City, 
Central Java, Indonesia, with a catchment area of 54 km², a flooded area of 189 hectares, a maximum 
water level of +155.30 meters, a minimum water level of +148.90 meters, and a total storage capacity of 
20.4 million cubic meters. 
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Figure 1.  
Geographic overview of jatibarang reservoir, Semarang, Central Java, Indonesia. 

 
The research method involves a comprehensive analysis of various aspects that support the balance 

and carrying capacity of the Jatibarang Reservoir ecosystem. This includes evaluating the reservoir’s 
planned lifespan, technical data on the catchment area and water surface extent, and monitoring water 
levels, from maximum to low, to understand fluctuations. The study will measure gross, effective, and 
dead storage capacities, assess water control functions for flood prevention and drinking water supply, 
and analyze hydrological conditions, such as baseflow, average discharge, annual inflow, and filling 
duration. Furthermore, the method will investigate erosion and sedimentation patterns in the upstream 
and reservoir base, inspect the capacity and safety of the spillway structure, and review the spatial 
zoning of the reservoir’s green belt area, focusing on its components like arboretum, agroforest, 
ecotourism, and buffer zones.  
 
2.2. Data Collection and Interviews 

The data collection and interviews are focused on examining the existence and condition of Green 
Belt Vegetation, the level of community involvement, and the effectiveness of institutional 
communication and coordination. Additionally, the interviews address organizational issues related to 
the current management approach, the implementation of community-based policies and regulations, 
institutional strategies for collaborative management, and the establishment of a legal framework that 
empowers community participation. 

 
 



6301 

 

 
Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 6: 6298-6312, 2024 
DOI: 10.55214/25768484.v8i6.3375 
© 2024 by the authors; licensee Learning Gate 

 

2.3. Calculation 
Followings are the formulas to determine the parameters related to total material load, reservoir 

storage capacity, and the remaining lifespan of the reservoir. 
a. Total Material Load (ton/year) = ∑ (Qsuspended Load + Qbed Load) 
where: 

• Qsuspended Load = suspended sediment load per year (ton/year) 

• Qbed Load = bed sediment load per year (ton/year). 
b. Specific Gravity/Density of Sediment = Weight of Sediment / Volume of Sediment 
c. Total Material Load (m³/year) = Total Material Load (ton/year) / Specific Gravity (ton/m³) 
where: Specific Gravity is 2.44 ton/m³. 
Dead Storage Capacity of Jatibarang Reservoir (m³) is given to 5,632,545.6879 m³ 
d. Remaining Lifespan of Jatibarang Reservoir (Years) = Dead Storage Capacity of Jatibarang 

Reservoir (m³) / Total Material Load (m³/year) 
where Total Material Load (m³/year) is obtained from the previous formula. 

 
3. Results 
3.1. Land surrounding the Jatibarang Reservoir 

Table 1 reflects the various segments and types of ecosystems designed to promote conservation 
and sustainability around Waduk Jatibarang. The table presents six distinct segments of land 
surrounding the Jatibarang Reservoir, detailing their locations, ecosystem types, and primary functions. 
These segments demonstrate a diverse approach to ecosystem management, balancing conservation, 
agriculture, tourism, and environmental protection. 

Segment 1 is located in Kelurahan Jatirejo and spans 24.59 hectares, functioning as an Arboretum. 
It supports education and research by housing various plant collections, particularly medicinal plants. 
Segment 6, located in Kelurahan Jatibarang and Kedungpane, also serves as an Arboretum, with a focus 
on preserving tree species, including fruit and timber plants. Segment 2, situated in Kelurahan Kandri 
over 13.84 hectares, is classified as an Agro-Forestry area. It combines agriculture and forestry by 
supporting fruit plantations and eco-tourism activities. Segment 3, covering 30.27 hectares in Kelurahan 
Kandri, integrates Agro-Forestry and Ecotourism. This area features wildlife tourism, including long-
tailed monkeys, and offers an open stage for public tourism. Segment 4, located in Kelurahan 
Kedungpane, also combines Agro-Forestry and Ecotourism, with buffer zones and sites for fruit and 
flower tourism. It includes a management office. Finally, Segment 5, located in Kelurahan Kedungpane, 
functions as both an Arboretum and Buffer Zone. It focuses on pollution management and maintaining 
water quality by planting timber and fruit trees. 
 

Table 1.  
The existing ecosystems around Waduk Jatibarang, divided into segments and types of areas. 
No Segment Location Ecosystem type Description 

1 Segment 1 
Kelurahan 
Jatirejo, 24.59 ha 

Arboretum 

Functions as an arboretum 
with various plant collections, 
especially medicinal plants, 
supporting education and 
research. 

2 Segment 6 
Kelurahan 
Jatibarang & 
Kedungpane 

Arboretum 
Focuses on preserving various 
tree species, including fruit and 
timber plants. 

3 Segment 2 
Kelurahan 
Kandri, 13.84 ha 

Agro-Forestry 
Combines agriculture and 
forestry, with fruit plantations 
and eco-tourism activities. 

4 Segment 3 
Kelurahan 
Kandri, 30.27 ha 

Agro-Forestry & 
Ecotourism 

Incorporates agro-forestry, 
wildlife tourism (e.g., long-
tailed monkeys), and an open 
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stage for public tourism. 

5 Segment 4 
Kelurahan 
Kedungpane 

Agro-Forestry & 
Ecotourism 

Serves as agro-forestry, buffer 
zone, fruit and flower tourism 
site, and includes a 
management office. 

6 Segment 5 
Kelurahan 
Kedungpane 

Arboretum & 
Buffer Zone 

Acts as an arboretum with 
various timber and fruit trees 
and a critical area for managing 
pollution to maintain water 
quality. 

 
3.2. Description of Terrestrial Situations 

Table 2 presents several critical issues related to the management and environmental conservation 
of the green belt surrounding the Jatibarang Reservoir. The first issue is the suboptimal growth of 
green belt vegetation from 2015 to 2020, which resulted in ineffective erosion control and increased 
sedimentation. The lack of a clear institutional mechanism for managing and harvesting fruit from the 
trees planted in the green belt has limited the economic benefits to local communities. Furthermore, the 
decision to plant sengon trees, a production crop, contradicts the conservation goals of the green belt, as 
it poses challenges related to harvesting and potential deforestation. 

The second issue highlights the lack of community involvement and weak institutional 
communication and coordination. There is no formal cooperation between BBWS Pemali-Juana and 
local tourism groups, leading to unauthorized construction of semi-permanent structures within the 
green belt. The absence of proper communication channels between BBWS Pemali-Juana and local 
stakeholders has resulted in unresolved issues and ineffective environmental management. 

 
Table 2.  
The key problems related to the terrestrial ecosystem of Waduk Jatibarang: 

No Key issue Description 

1 

Suboptimal Growth of 
Green Belt Vegetation, 
Unclear Institutional 
Mechanism for Fruit 
Trees.  
Contradictory Decision to 
Plant Sengon Trees 

During the initial five years (2015–2020), the planted vegetation 
was still developing, which resulted in ineffective erosion control 
and increased sedimentation. No clear framework has been 
established by BBWS Pemali-Juana regarding who can access 
and harvest fruit from trees planted in the green belt, limiting 
economic benefits..  
The planting of sengon trees, a production crop, contradicts the 
conservation goals of the green belt, leading to issues of 
harvesting and the potential for deforestation. 

2 

Lack of Community 
Involvement.  
Weak Institutional 
Communication and 
Coordination 

There is no formal cooperation between BBWS Pemali-Juana and 
local tourism groups, leading to the unauthorized construction of 
semi-permanent structures in the green belt.  
The lack of proper communication and coordination between 
BBWS Pemali-Juana and local stakeholders has resulted in 
unresolved issues and poor environmental management. 

3 
Illegal Logging of Sengon 
Trees 

In 2022, illegal logging occurred, causing infrastructure damage 
and raising concerns about landslides and sedimentation in the 
reservoir. 

 
The final issue addresses the illegal logging of sengon trees, which occurred in 2022. This logging 

activity caused significant infrastructure damage and raised concerns about landslides and further 
sedimentation in the reservoir. These findings underscore the need for stronger collaboration, clearer 
management policies, and stricter enforcement to protect the reservoir’s ecosystem and surrounding 
green belt. 
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3.3. The Problems of Water Ecosystem  
Table 3 presents various water quality parameters measured in different studies conducted on 

Jatibarang Reservoir. These parameters are essential to assess the level of water pollution and overall 
ecosystem health. The 2015 study focuses on pollutants such as Nitrogen Total (2.27 kg/day), Nitrate 
(0.69 kg/day), and Nitrite (0.3 kg/day). The Biochemical Oxygen Demand (BOD) and Chemical 
Oxygen Demand (COD) are measured at 30.78 kg/day and 43.72 kg/day, respectively, indicating 
organic matter levels in the water. Total Dissolved Solids (TDS) are shown to exceed capacity at -
168.65 kg/day, reflecting water quality concerns, while Total Suspended Solids (TSS) and Ammonia 
levels are relatively low, at 0.52 kg/day and -0.42 kg/day. 

A 2017 study on phytoplankton abundance (236–865 ind/l) includes diversity, evenness, and 
dominance indices, with values ranging between 1.02–1.77 for diversity, 0.58–0.85 for evenness, and 
0.14–0.96 for dominance. The Water Quality Index (IKA) suggests moderate pollution, while the 
Saprobiotic Index and Trophic Saprobiotic Index indicate mesotrophic to oligosaprobic conditions, 
which are characteristic of moderately polluted water. 

The 2019 study shows water temperature around 30–31°C, with Total Suspended Solids (TSS) 
between 20–80 mg/l and Dissolved Oxygen (DO) at 6.8–8.6 mg/l. BOD and COD levels range from 
1.46–3.95 mg/l and 9.7–15.69 mg/l, respectively, indicating the presence of organic waste. Ammonia 
and Total Coliform are also measured, with Total Coliform reaching up to 4,600 cells/100 ml, 
suggesting microbial contamination. 

Lastly, the pollution levels in different zones of the reservoir show that the Dock Area and Inlet 
experience moderate pollution, while the Outlet shows light pollution, according to the Pollution Index 
(IP) values. This comprehensive water quality analysis is crucial for understanding the environmental 
health and the effectiveness of pollution control measures in Jatibarang Reservoir.  
 

Table 3.  
The quantitative findings related to the water ecosystem problems. 

Relevant problems Parameter Measurement/Value 

Water pollution levels (2015 
study): 

Nitrogen Total 2.27 kg/day 
Nitrate 0.69 kg/day 
Nitrite 0.03 kg/day 
Biochemical oxygen demand (BOD) 30.78 kg/day 
Chemical oxygen demand (COD) 43.72 kg/day 

Total dissolved solids (TDS) 
-168.65 kg/day 

(Exceeded capacity) 
Total suspended solids (TSS) 0.52 kg/day 
Ammonia -0.42 kg/day 

Phytoplankton abundance 
and water quality (2017 
study) 

Phytoplankton abundance 236–865 ind/l 
Diversity index 1.02–1.77 
Evenness index 0.58–0.85 
Dominance index 0.14–0.96 

Water quality index (IKA) 
51.74–55.06 (Moderate 

pollution) 

Saprobitic index 0.60–2.75 (β-
mesosaprobic/oligosaprobic) 

Trophic saprobitic Index 
2.02–4.06 (moderate 

pollution) 

Water quality parameters 
(2019 study): 

Temperature 30–31°C 
Total suspended solids (TSS) 20–80 mg/l 
pH Neutral 
Dissolved oxygen (DO) 6.8–8.6 mg/l 
Biochemical oxygen demand (BOD) 1.46–3.95 mg/l 
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Chemical oxygen demand (COD) 9.7–15.69 mg/l 
Ammonia 0.110–0.566 mg/l 
Total coliform 15–4,600 cells/100 ml 

Pollution levels at different 
reservoir Zones (2019 
study): 

Dock area pollution index (IP) 
3.62–5.49 (light to moderate 

pollution) 

Inlet pollution index (IP) 
2.88–5.93 (light to moderate 

pollution) 
Outlet pollution index (IP) 1.43–1.84 (light pollution) 

 
3.4. Sedimentation Trends 

Based on the table, the following parameters can be calculated: 

• Total Material Load (tons/year): 653,977.32 tons/year 

• Specific Gravity/Density of Sediment (tons/m³): 2.44 tons/m³ 

• Total Material Load (m³/year): 268,006.63 m³/year 

• Dead Storage Capacity of Jatibarang Reservoir (m³): 5,632,545.6879 m³ 

• Remaining Lifespan of Jatibarang Reservoir’s Storage (Years): 21.1 years 
Thus, based on the sediment load calculation (268,006.63 m³/year) and the reservoir’s dead storage 

capacity (5,632,545.69 m³), it can be predicted that the remaining lifespan of Jatibarang Reservoir's 
storage is 21.1 years out of the originally expected 50 years. 
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Tabel 4.  
Sediment load and sedimentation parameters for jatibarang reservoir. 

 
Source: Jatibarang Reservoir Final Report (2020)(Proyek Kerjasama Pemerintah dan Badan Usaha (KPBU), 2020) 

 
3.5. Organisation Issues 

Table 5 summarizes the key issues identified in the management of Waduk Jatibarang. The table 
outlines key issues in the management of Jatibarang Reservoir, which has been managed by Balai Besar 
Wilayah Sungai Pemali-Juana (BBWS/ Pemali-Juana River Basin Authority) using a top-down 
approach. This approach involves minimal participation from local communities and stakeholders. 
Policies and regulations were designed without considering local needs, making it difficult for these 
communities to gain any legal authority or influence in the management processes. Furthermore, there 
is little collaboration between BBWS Pemali-Jua, local governments, and community stakeholders, 
effectively excluding the local populace from decision-making. 

 
 
 
 
 
 
 
 

 
 

No Lebar (m) H (m)
 Qw 

(m3/dt) 

 Qsuspended Load

 (ton/tahun) 

 Qbed Load 

(ton/tahun) 

 Qs+Qb 

(ton/tahun) 

1.00         2.79         0.01         0.01             3,024.77                566.79          3,591.56                

2.00         2.79         0.02         0.02             5,780.92                412.58          6,193.50                

3.00         2.79         0.03         0.04             8,157.13                540.22          8,697.35                

4.00         2.79         0.04         0.07             10,301.37              516.55          10,817.92              

5.00         2.79         0.05         0.10             12,282.46              513.18          12,795.64              

6.00         2.79         0.06         0.13             14,139.92              521.61          14,655.97              

7.00         2.79         0.07         0.18             15,897.97              521.64          16,419.48              

8.00         2.79         0.08         0.23             17,584.84              528.22          18,052.84              

9.00         2.79         0.09         0.27             19,182.80              535.58          19,596.38              

10.00       2.79         0.10         0.32             22,228.03              543.29          21,001.27              

11.00       2.79         0.11         0.37             22,834.70              551.17          22,277.19              

12.00       2.79         0.12         0.43             23,678.63              559.12          23,459.67              

13.00       2.79         0.13         0.49             24,508.88              567.09          24,552.10              

14.00       2.79         0.14         0.55             25,460.35              575.04          25,565.73              

15.00       2.79         0.15         0.62             26,481.04              582.93          26,481.04              

16.00       2.79         0.16         0.69             27,303.57              590.75          27,303.57              

17.00       2.79         0.17         0.76             28,061.49              598.49          28,061.49              

18.00       2.79         0.18         0.83             28,741.71              606.15          28,741.71              

19.00       2.79         0.19         0.91             29,351.23              613.71          29,351.23              

20.00       2.79         0.20         0.98             31,842.96              598.45          32,444.64              

21.00       2.79         0.21         1.05             33,266.69              606.15          33,432.90              

22.00       2.79         0.22         1.13             34,072.29              613.71          34,369.43              

23.00       2.79         0.23         1.21             35,045.83              621.18          35,260.56              

24.00       2.79         0.24         1.29             36,181.42              628.53          36,113.07              

25.00       2.79         0.25         1.36             37,407.29              621.18          40,999.94              
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Table 5.  
The key findings from the research on the management of Waduk Jatibarang. 

No Key issue Description 

1 
Top-down management 
approach 

Waduk Jatibarang was managed by BBWS Pemali-Juana 
using a top-down approach, with little involvement from 
local communities and stakeholders. 

2 
Lack of community-based Policy 
and regulation 

Policies and regulations were designed without considering 
the needs of local communities, making it difficult for them 
to gain legal authority to participate. 

3 
Institutional weakness in 
collaborative management 

There was minimal collaboration between BBWS Pemali-
Juana, local governments, and stakeholders, excluding local 
communities from decision-making processes. 

4 
Failure to establish community-
based legal framework 

Initiatives like the Forum Komunitas Peduli Waduk 
(FKPW) were not supported, leaving local communities 
without a legal framework for involvement in management. 

5 
Limited authority of local 
governments 

The Central Java Provincial Government and the City of 
Semarang had limited authority, with BBWS Pemali-Juana 
holding exclusive control over flood control. 

6 
Community exclusion from 
water management and tourism 
development 

Local groups like Pokdarwis and farmers' groups were 
excluded from participating in water management and 
tourism development around the reservoir. 

7 Excessive focus on flood control 
BBWS Pemali-Juana focused primarily on flood control, 
neglecting other important functions such as water resource 
management and tourism development. 

 
One of the major challenges is the failure to establish a community-based legal framework. 

Initiatives like the Forum Komunitas Peduli Waduk (FKPW) were not supported adequately, leaving 
local communities without a legal avenue for involvement in reservoir management. Additionally, the 
Central Java Provincial Government and the City of Semarang hold limited authority in water 
management and flood control, which is largely monopolized by BBWS Pemali-Juana. 

Moreover, community groups such as Kelompok Sadar Wisarta (Pokdarwis/ Tourism Awareness 
Group) and farmers' associations were excluded from water management discussions and tourism 
development projects around the reservoir, despite these being crucial areas for local benefit. Lastly, 
BBWS Pemali-Juana has placed excessive focus on flood control, often neglecting other vital functions 
such as water resource management and the development of tourism, which are essential for the broader 
sustainability of the region. 

This top-down management approach has led to limited engagement with local stakeholders, 
preventing a more collaborative and sustainable method of managing the Jatibarang Reservoir. 
 
4. Discussions 
4.1. Overview 

The findings on Waduk Jatibarang reflect global trends in flood control, water resource 
management, environmental and social impacts, and economic contributions. These themes are common 
across dam projects worldwide, underscoring the multi-functional role of dams in infrastructure 
systems. 

Flood control is a crucial function of Waduk Jatibarang, protecting Semarang from heavy rainfall, 
similar to other dams globally. Dams in densely populated areas are essential for mitigating natural 
disasters, with flood control being a primary purpose both locally and internationally. 

Waduk Jatibarang significantly contributes to local water supply during dry seasons, aligning with 
global trends where dams are central to water management. Studies in China and the USA emphasize 
the need for integrated management to ensure long-term water availability, balancing environmental 
and developmental needs [2]. 



6307 

 

 
Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 6: 6298-6312, 2024 
DOI: 10.55214/25768484.v8i6.3375 
© 2024 by the authors; licensee Learning Gate 

 

Environmental and social changes, such as habitat loss and increased sedimentation, are common 
consequences of dam construction, as seen in Waduk Jatibarang. Globally, dam projects often lead to 
environmental degradation and displacement of local communities, reflecting similar patterns in regions 
like the Middle East and Asia [4], [9]. Waduk Jatibarang also contributes to the local economy 
through hydropower, tourism, and water supply, similar to global dam projects that provide energy and 
economic benefits. In China and the USA, dams are viewed as critical infrastructure for economic 
development, supporting reliable water resources and energy production. 

In terms of flood control, Waduk Jatibarang's construction aligns with global findings that large 
dams protect downstream areas but can cause long-term environmental changes. Similarly, agro-
pastoral dams in Benin are noted for flood control but lead to conflicts over water use. Managing 
sedimentation and water quality at Waduk Jatibarang reflects broader challenges in sustainable water 
management globally, where multiple users and conflicting needs complicate resource management. 
Studies in Benin also highlight the difficulties in balancing water use across stakeholders [12], [13].  

While dams like Waduk Jatibarang provide economic benefits, such as hydropower and water 
supply, they also face challenges in equity and sustainability, as seen in global comparisons. Conflicts 
and management issues often undermine the economic potential of dams in various regions [14], [15]. 
 
4.2. The Ecosystems Surrounding Waduk Jatibarang 

Table 1 provides a comprehensive overview of ecosystem types and management strategies at 
Waduk Jatibarang, focusing on arboretum, agro-forestry, ecotourism, and buffer zones. This approach 
reflects efforts to manage biodiversity, agriculture, and tourism in an integrated manner, drawing 
insights from global practices. In arboretum management, segments such as 1 and 6 emphasize 
preserving medicinal and timber plants, aligning with international research that stresses biodiversity 
conservation. These arboreta serve as hubs for ecological preservation and scientific study, although 
ensuring community involvement through eco-friendly tourism remains a challenge [16]. 

Agro-forestry in Segments 2, 3, and 4 integrates agriculture with forest conservation, supporting 
environmental sustainability and local livelihoods. This system mirrors practices seen in Benin, where 
agro-forestry enhances soil conservation and biodiversity. However, integrating tourism into these 
systems poses risks of ecological degradation if not carefully managed [17]. 

Ecotourism in Segment 3, focusing on wildlife like long-tailed monkeys, aligns with global models 
promoting conservation alongside economic opportunities. Successful ecotourism, however, depends on 
managing human-wildlife interactions to prevent habitat disruption, a common challenge in similar 
projects worldwide [3].  

The buffer zone in Segment 5, designed to manage pollution and preserve water quality, reflects 
international practices in sediment control and runoff prevention. Combining buffer zones with 
arboretum efforts supports both biodiversity and water management, though balancing conservation, 
community needs, and tourism remains a key challenge [18]. 
 
4.3. Problems of Terrestrial Ecosystems 

The issues at Waduk Jatibarang regarding terrestrial ecosystem management, such as unclear 
institutional roles, lack of community involvement, and illegal logging, reflect global challenges in dam 
management. Addressing these requires inclusive governance, stronger community engagement, and 
improved institutional coordination, as emphasized in international studies [19]. One key issue is the 
suboptimal growth of green belt vegetation, particularly from 2015–2020, which led to ineffective 
erosion control and increased sedimentation. This mirrors global research where newly constructed 
dams often face difficulties with vegetation regrowth and soil stabilization, resulting in similar 
sedimentation problems that reduce reservoir capacity [20]. 

Unclear institutional mechanisms for managing fruit trees in the green belt further compound 
ecosystem management challenges. Without a clear framework, local communities are unable to benefit 
economically. This lack of clarity in governance is common in dam projects worldwide, where ineffective 
stakeholder inclusion limits resource management and social benefits [18].  
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The lack of community involvement in tourism has led to unauthorized construction and poor 
management of tourism resources. This issue is seen globally, where insufficient local engagement in 
dam-related tourism often leads to unsustainable practices and missed economic opportunities. Stronger 
cooperation between local groups and authorities is needed for sustainable tourism development [21]. 

Lastly, the decision to plant sengon trees, a production crop, contradicts the conservation goals of 
the green belt and has led to issues like illegal logging. Similar conflicts between conservation and 
economic utility are observed globally, where monoculture plantations near reservoirs undermine 
ecological goals, leading to environmental degradation. Weak institutional coordination exacerbates 
these problems, resulting in greater environmental risks [22], [23], [24]. 
 
4.4. Water Ecosystems Problems 

The table highlights water ecosystem problems at Waduk Jatibarang, including issues related to 
water pollution, phytoplankton abundance, and water quality. Elevated nutrient levels and suspended 
solids indicate moderate pollution, reflecting common water management challenges in dam reservoirs 
worldwide. The biochemical oxygen demand (BOD) and chemical oxygen demand (COD) values are 
notably high, indicating significant organic and chemical pollution, similar to findings in international 
dam studies. Excessive nutrient loads contribute to eutrophication, which degrades water quality. 

High total dissolved solids (TDS) levels further indicate water quality degradation, consistent with 
findings from regions like the Mekong River Basin. Excessive TDS levels harm aquatic ecosystems and 
reduce the suitability of water for human consumption and agriculture [25], [26]. Phytoplankton 
abundance and the Water Quality Index (IKA) show moderate pollution in Waduk Jatibarang, largely 
due to nutrient loads. These findings are similar to global trends where increased nutrients lead to 
phytoplankton blooms that disrupt ecosystems, as documented in dam studies from China and the USA 
[2]. 

Localized pollution, particularly in high-use areas like docks and inlets, highlights the need for 
targeted management to prevent further water quality degradation. This pattern is commonly observed 
in reservoirs where human activities concentrate pollutants in specific zones [9]. Addressing these 
issues requires a comprehensive approach that includes reforestation, soil conservation, advanced water 
quality monitoring, sediment management, and stronger community engagement. Integrating these 
measures, as seen in successful dam projects globally, will help improve water management and 
ecosystem health at Waduk Jatibarang. 
 
4.5. Sedimentation Trend 

The table presents important data on the sediment loads and material flows in Waduk Jatibarang, 
particularly focusing on the suspended and bed loads of sediment. Based on this data, we observe the 
cumulative impact of sediment deposition in the reservoir, which totals to 653,977.32 tons per year. 
This figure is alarming as it suggests that sedimentation is a significant issue affecting the reservoir’s 
storage capacity and its long-term sustainability. The total material load volume of 268,006.63 m³ per 
year emphasizes the substantial amount of sediment that accumulates annually, reducing the effective 
storage capacity of the reservoir. 

Comparing these findings with international research on sediment management in reservoirs, the 
challenges faced at Waduk Jatibarang are not unique. Globally, sedimentation has been a major issue for 
many reservoirs, as documented in various studies. For instance, research on dams in Southeast Asia, 
such as those in the Mekong Basin, shows similar patterns where high sediment loads drastically reduce 
the reservoir's lifespan by filling in the storage space with sediment rather than water. This leads to 
reduced water availability, especially during dry seasons when reservoirs play a crucial role in providing 
water for agriculture and domestic use [27], [28]. 

The specific gravity of the sediment, recorded as 2.44 ton/m³, indicates that the material 
contributing to the sedimentation is quite dense, which would imply that it settles quickly and has the 
potential to block channels and reduce water flow efficiency. This matches findings in dam studies from 
China, where similar sedimentation patterns have been observed, leading to operational challenges in 
managing water flow and maintaining hydropower efficiency(Kumpulan paper 3). In many cases, such 



6309 

 

 
Edelweiss Applied Science and Technology 
ISSN: 2576-8484 

Vol. 8, No. 6: 6298-6312, 2024 
DOI: 10.55214/25768484.v8i6.3375 
© 2024 by the authors; licensee Learning Gate 

 

dense sediments exacerbate the need for dredging operations, which are both costly and disruptive to 
local ecosystems [29]. 

The dead storage capacity of Waduk Jatibarang is calculated to be 5,632,545.6879 m³, which 
signifies the volume designated to accommodate sediment accumulation over time. However, given the 
annual material load and the rate of sedimentation, the remaining lifespan of the reservoir is estimated 
to be only 21.1 years. This lifespan is considerably short for a major reservoir, and it calls for immediate 
intervention to extend its functionality. Studies from international dam projects, such as those in Latin 
America, recommend the implementation of sediment traps, upstream erosion control measures, and 
regular dredging to extend the useful life of such critical infrastructures [27], [30], [31]. 

Moreover, sedimentation not only affects the reservoir's capacity but also water quality. Increased 
sediment loads lead to higher levels of total suspended solids (TSS), which in turn degrade water quality 
by reducing light penetration and affecting aquatic ecosystems. This mirrors findings from research in 
the Middle East, where sedimentation has been linked to declines in fish populations and the overall 
health of reservoir ecosystems [17], [21]. 

Overall, the data from Waduk Jatibarang highlights a significant challenge with sedimentation that 
mirrors global issues observed in reservoir management. The high rates of sediment accumulation and 
the reduced reservoir lifespan necessitate urgent action to prevent further degradation. Effective 
sediment management techniques, such as upstream land conservation, erosion control, and dredging, 
will be crucial in preserving the long-term functionality of Waduk Jatibarang, aligning with the global 
consensus on best practices for sustainable reservoir management [16], [30], [32]. 
 
4.6. Key Issues on Management 

The research on Waduk Jatibarang highlights several key issues, particularly the top-down 
management approach by BBWS Pemali-Juana, which limits community involvement. This contrasts 
with global practices, such as in the United States and Brazil, where community-based management and 
stakeholder participation are emphasized, leading to better long-term sustainability [3], [16], [18], 
[33]. 

A major issue is the lack of policies supporting community participation. Unlike regions in Africa 
and Latin America, where legal frameworks empower local communities in water management, Waduk 
Jatibarang lacks such frameworks, preventing local involvement in resource conservation and 
sustainable practices [34], [35], [36]. 

Another concern is the weak collaboration between BBWS Pemali-Juana, local governments, and 
stakeholders. In Europe, collaborative management models have shown success in managing water 
resources by including all actors. In contrast, the lack of such collaboration at Waduk Jatibarang results 
in ineffective management and limited local engagement [22], [37], [38]. The absence of a 
community-based legal framework further restricts local participation in managing the reservoir and 
tourism development. In countries like India [39], [40], [41], legal frameworks have empowered 
communities to manage reservoirs effectively, improving sediment control and promoting ecosystem 
preservation, a model that could benefit Waduk Jatibarang. 

A key limitation in Waduk Jatibarang’s management is the excessive focus on flood control, 
neglecting other functions like water management and tourism. Sustainable models, such as in the 
Mekong Delta, integrate flood control with ecosystem restoration and community-based tourism, which 
Waduk Jatibarang could adopt for broader benefits. The findings suggest that inclusive, community-
driven approaches are essential for improving Waduk Jatibarang’s management. International examples 
show that legal frameworks, collaborative governance, and multi-functional water management can 
address the current issues and support sustainable resource use. 

In conclusion, adopting more inclusive practices, as seen in global models, can help overcome the 
challenges faced at Waduk Jatibarang and lead to more sustainable environmental and economic 
outcomes. By incorporating these strategies, Waduk Jatibarang has the potential to better manage 
water resources, protect the ecosystem, and engage the community in tourism and conservation efforts. 
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5. Conclusions 
The research on Waduk Jatibarang highlights significant challenges, particularly sedimentation and 

ecosystem degradation, which threaten the reservoir’s long-term capacity. Institutional issues, such as 
limited community involvement and unclear legal frameworks, have hindered effective management, 
reducing opportunities for sustainable tourism and water resource conservation. 

The top-down management approach by BBWS Pemali-Juana has restricted community 
participation, leading to unauthorized activities like illegal logging and inappropriate land use, which 
worsen sedimentation. The absence of a clear legal framework for community engagement further limits 
local efforts that could enhance sustainable management of the reservoir. 

To address these issues, the research recommends improving sediment management through 
reforestation, constructing sediment traps, and engaging local stakeholders in sustainable practices like 
eco-tourism. Establishing a community-based legal framework would empower local groups to 
participate actively in reservoir management, creating more effective and sustainable outcomes. 
International examples show that integrated approaches, including community involvement and 
technical interventions, have successfully extended reservoir lifespans and improved water quality. 
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