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Abstract

:

Indonesian watershed management continues to struggle with various problems caused by natural disasters, particularly hydrometeorological disasters, which are worsened by the effects of climate change. Coordinating and synchronizing the interest of many parties in watershed management with various scenarios of natural conditions is a big challenge in the creation of a healthy and productive watershed. Multiple initiatives have been undertaken, from establishing rules and policies to implementing them and assessing the effects, leading to various lessons being learned for better management. This article presents a study on watershed management in Indonesia and recommends alternative improvements toward healthy and productive watershed management. A combination of a descriptive qualitative analysis of the authors’ experience in various research activities and a critical analysis is used to examine existing conditions and to formulate recommendations for better sustainable management toward a healthy and productive watershed. Most Indonesian watersheds are susceptible to degradation due to numerous threats. The challenges in Indonesian watershed management, including land degradation and climate-induced disasters, lack of synchronization and coordination, limited resources, and anthropogenic factors, have led to decreased watershed health and productivity and hindered effective management. Integrated management, especially at the micro-watershed level, addresses these challenges. Successful integrated watershed management requires community involvement, appropriate management action for specific locations, technological support, regulatory alignment, and stakeholder collaboration to ensure a healthy, productive, and sustainable watershed for present and future generations.
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1. Introduction


A watershed is an area bounded by topographical boundaries where rainwater that falls on the area will be collected, absorbed, and directed through streams to the main river [1]. The Indonesian government divides watersheds into two categories, namely watersheds that are maintained and watersheds that need to be restored based on land conditions (degraded land, land cover, and erosion), hydrology (quality, quantity, and continuity of water), socioeconomics, investments in soil- and water-conservation buildings, and spatial use of the area. Of the 17,076 watersheds in Indonesia, 14,927 (or 87.4%) are being maintained, while 2149 (or 12.5%) have been restored [2]. Of the total watersheds being restored, 108 are the first priority for the period from 2020 to 2024 [2]. Figure 1 shows the maintained and restored watersheds, while the distribution of all watersheds throughout Indonesia is presented in Figure 2.



The degraded watersheds to be restored are degrade by the great pressure that most Indonesian watersheds experience in line with increasing the population, urbanization, and industrialization [3]. In the last few decades, some of the main functions of watersheds, namely providing a source of fresh water for agriculture, industry, and households and supporting the livelihoods of millions of people [3,4,5], have been disrupted; this led to damage being caused to the environment, water scarcity, and economic losses.



Sustainable watershed management (SWM) should be applied to reduce further watershed degradation and to restore the degraded watersheds. The existing approaches for SWM vary and include regulatory frameworks, institutional structures, and community-based management initiatives. Some significant examples include establishing national and local watershed management institutions, the development of participatory decision-making techniques, and promoting community-based natural resource management. These techniques have resulted in benefits such as greater water availability, improved water quality, and improved community livelihood. However, problems with long-term watershed management in Indonesia exist, including a lack of institutional capacity, insufficient funding, and a lack of stakeholder participation, and as a result, degraded land within watersheds continues to exist. This is not only faced by Indonesia but also by other countries, such as Malaysia and the Philippines.



In Malaysia, integrated river basin management (IRBM) is used to manage watersheds. IRBM is referred to as the coordinated management of resources in the natural environment (air, water, land, flora, and fauna), based on the river basin as a geographical unit, with the objective of balancing the needs of humans with the necessity of conserving resources to ensure their sustainability. The goal of IRBM is to integrate and coordinate programs, procedures, and policies [6]. The government of Malaysia has developed the National Integrated Water Resources Management Plan, Strategies, and Road Map through the Academy of Science Malaysia (ASM) for the administration of the nation’s 189 major river basins [7]. Despite the country’s commitment to sustainable development and its widespread promotion of mitigating techniques, land degradation persists in Malaysia [8].



In the Philippines, the National Power Corporation (NPC) has a duty to manage eleven watersheds with an area of 485,199 hectares. The NPC protects watersheds by enforcing the law and by conducting strict foot patrols in collaboration with the Philippine Army, the Philippine National Police, the Philippine Coast Guard, local government agencies, and other parties. To help people understand the value of a sustainable environment and to motivate them to engage in alternative income-generating activities, the corporation also runs awareness-raising initiatives [9]. However, total degraded lands in the Philippines are estimated to be at 132,275 km2 of 300,000 km2 or around 44% of the terrestrial area [10].



Generally, watershed management is aimed at dealing with the availability of water resources, improvement in land productivity, and social and economic prosperities. Recently, in Indonesia, watershed management has been used to improve environmental services, such as by integrating watershed management with nationally determined contributions (NDCs). Thus, it has also been used to reduce greenhouse gas (GHG) emissions from the atmosphere or to mitigate climate change [11].



To address these challenges and to ensure long-term watershed sustainability, the concept of SWM has emerged as an essential approach in the creation of healthy and productive watersheds. The SWM entails coordinating and integrating policies, institutions, and practices to accomplish sustainable water resource use while protecting watersheds’ ecological integrity [12,13]. This strategy acknowledges the interconnection between social, economic, and environmental variables and strives to maintain its health and productivity while supporting the wellbeing of local communities. Resource management practices that sustain human needs and use a watershed as a management unit while preserving ecological function are known as “watershed health” [14].



The Indonesian experience in managing river basins towards a healthy and sustainable watershed can serve as a lesson and be applied to countries facing issues similar to Indonesia, such as developing nations dealing with land degradation, deforestation, hydrometeorological disasters, and economic development challenges like India [15], Malaysia [16], Myanmar [17], the Philippines [18], Thailand [19], Timor Leste [20], and Vietnam [21]. Those countries, just like Indonesia, are member states of the United Nations Convention to Combat Desertification (UNCCD) that encourage practices to prevent, decrease, and reverse land degradation, serving as the catalyst for achieving Sustainable Development Goal 15 and attaining Land Degradation Neutrality.



This study proposes a set of activities for sustainable management towards healthy and productive watersheds in Indonesia. This research is important in supporting the achievement of several SDG goals, namely ensuring the availability of clean water, supporting food security, reducing poverty, and protecting the environment. These efforts include raising stakeholder participation, encouraging community-based management techniques, upgrading data and information systems, and increasing funding for sustainable watershed management initiatives.



The suggested recommendations primarily rely on the fundamental principles of watershed management, which entail creating a harmonious relationship among the elements within the watershed, encompassing non-living elements like soil, precipitation, and geology, as well as living elements such as plants, animals, and humans. Balanced use of these elements is carefully orchestrated to meet both economic and environmental needs in a sustainable manner. These core principles need to be extensively documented, and their implementation is tailored to suit the specific circumstances of local communities or countries, recognizing that active participation from all stakeholders (including the community, government, and private sector) is a critical factor for achieving a thriving watershed.




2. Methods and Scope of Study


This paper presents a study on watershed management in Indonesia and provides recommendations for alternative improvements toward healthy and productive watershed management. It combines the authors’ experience in various research activities related to watershed management in several places in Indonesia and the qualitative description of relevant materials.



The analysis was employed to build a comprehensive understanding of healthy and productive watersheds and was divided into three general scopes, listed below.



	
The dynamics of watershed management in Indonesia concerning regulations, policies, institutions, and management bottlenecks for a healthy and productive watershed.



	
The theoretical framework of a sustainable, healthy, and productive watershed.



	
Existing practices of watershed management, highlighting lessons learned, and formulating recommendations.







3. Overview of Watershed Management in Indonesia


Indonesian watershed management continues to face several issues related to natural catastrophes, particularly hydrometeorological disasters. Many phenomena of success and failure in numerous areas have been caused by the dynamics that occur in both the institutional and policy elements as well as their implementation in the field, which are influenced by global, regional, and local phenomena. This chapter will describe the state of Indonesia’s watersheds today, the management practices used, and several issues that can be used to make field implementation efforts work or be the cause of their failure.



3.1. Current Condition of Watershed in Indonesia


Indonesia is an archipelago nation consisting of numerous large and small rivers that transport water from hundreds of water catchments dispersed across several major islands. There are 42,210 watersheds in Indonesia [22], ranging in size from less than 100 ha to more than 4 million ha and encompassing administrative areas within a single district, across districts, provinces, and countries [23].



Most Indonesian watersheds are susceptible to degradation due to numerous threats, such as Java’s high population density, Kalimantan’s vast deforestation and degradation of tropical rainforest, and Sulawesi’s hydrometeorological disasters. Moreover, Nusa Tenggara, a small island, also faces water resource shortages [24,25]. Out of the 83,931 villages in Indonesia (including transmigration settlement units), there are 64,174 villages that are crossed by rivers [26], which increases the risk of water contamination. Between 2020 and 2021, the water quality index dropped by 0.71 points [27].



The Ministry of Environment and Forestry (MoEF) prioritizes the restoration of 108 watersheds and 15 lakes between 2020 and 2024 [28]. Watershed management priorities are determined by floods, droughts, and landslides occurrences, which affect the carrying capacity of watersheds [4]. Between 2011 and 2018, degraded land decreased by about 7% per year [29]. However, global climate change has increased hydrometeorological disasters over the past two decades despite the decline in degraded lands.



As a basic matter, it is essential to have a fundamental understanding of how topography, soil, and rainfall are related to one another in the case of watershed management in Indonesia. The terrain of Indonesia is diverse, with mountains, plateaus, lowlands, and coastal areas. The topography of watersheds influences the flow of water, with steeper places having faster runoff, which potentially causes erosion and flooding and causes flatter areas to have concerns with water retention and stagnant water. Watershed management techniques must take these topographical variances into account. For example, landslides and erosion are common in hilly areas with steep slopes and significant rains. In such cases, watershed management may include reforestation terracing, allowing for better water infiltration. To create effective soil conservation strategies, watershed management should evaluate the soil properties in a given area. For example, because of their low elevation, coastal locations are vulnerable to saltwater intrusion. To preserve the balance between saltwater and freshwater, integrated watershed management in coastal locations may include creating dikes, maintaining mangroves, and managing freshwater inflow.



The climate in Indonesia is tropical, with varied rainfall patterns, including monsoons. Water availability and flow within watersheds are affected by the amount and distribution of rainfall. Erosion and sedimentation can be major problems in locations with high rainfall. On the other hand, water shortage may be a concern in areas with low rainfall. For example, groundwater recharge may be a key concern in locations with sandy soils and limited rainfall. Artificial groundwater recharge strategies may involve the construction of check dams to absorb runoff and to facilitate percolation.




3.2. Existing Rules and Policies


Watersheds are home to a variety of resources and stakeholders with a wide range of interests. To harmonize the relationship between these aspects and parties, a multi- and cross-border set of rules, regulations, and policies is needed.



3.2.1. Regulations


The MoEF is responsible for coordinating watershed management strategies in Indonesia and is mandated under specific laws (UU No. 41/1999 on Forestry). In carrying out its duties, MoEF coordinates with the Ministry of Agriculture (MoA) and the Ministry of Public Works and Housing (MoPWPH). The primary laws controlling watershed management are only found at the government’s regulation (PP) level (PP No. 37/2012 on watershed management), while parts of watershed management, such as soil and water conservation, are regulated at a higher level (UU No. 37/2014 on Soil and Water Conservation (SWC). Nevertheless, there is confusion since SWC a substantial part of the technical activities in watershed management but is positioned in higher regulations (law versus government regulation) [4].



The implementation of watershed management has been regulated, starting from general matters in government regulations (PP), and detailed through ministerial regulations (PERMEN), director general regulations (PERDIRJEN), and regional regulations (PERDA). As an example, the newly approved general and annual plan for forest and land rehabilitation, namely Permen LHK No. 10/2022, regulates a General Plan for Forest and Land Rehabilitation with a time frame of 10 years (RURHL-DAS), and an Annual Plan for Forest and Land Rehabilitation Activities (RTnRHL) is made every year. A derivative of the Ministerial Regulation, for example, is the Directorate General, which regulates RHL in more detail, such as planting techniques, SWC construction techniques, or impact assessments of rehabilitation activities. Likewise, two Permenhuts relate to the Integrated Watershed Management Plan (RPDAST), namely Permenhut No. 39/2009, which regulates watershed health criteria, and Permenhut 61/2014, which monitors watershed management activities. Figure 3 illustrates the hierarchy of the regulatory system in Indonesia’s watershed management.




3.2.2. Policies


IWM was initiated first at the IWM National Workshop in Yogyakarta in 1985 but was formally announced in 2006. In 2009, the Permenhut No. 39/2009 on Guidelines for Preparation of IMW Planning was issued. This policy was seen as an adjustment due to the publication of PP No. 38/2007 on the division of governmental affairs between the central and regional (provincial, district, and city) governments.



IWM is different from previous watershed management guidelines because it integrates many stages and levels, namely policy making, goal setting, activity planning, program implementation, and M&E. IWM engages multiple parties in natural resource management, including representatives from the public and private sectors as well as local and national governments. It is based on integrity, equality, and dedication to sustainable management and ethical, effective, and efficient management of natural resources.



Watershed-based IWM policies must be in line with administration-based national development plans, such as the Long-Term National Development Plan (RPJP) and Regional Spatial Planning (RTRW). Meanwhile, for the short term, watershed planning must comply with the National Medium-Term Development Plan (RPJM) and the Annual Work Plan (Renja SKPD/RPKD).





3.3. Institution in Watershed Management


Historically, watershed management in Indonesia began in 1967, during the implementation of the Upper Solo Watershed Project funded by the World Bank. Since the Ministry of Forestry had not yet been formed, the government agencies involved were the Ministry of Agriculture (MoA), the Ministry of Public Works (MoPW), and the Ministry of Home Affairs (MoHA). With the establishment of the Ministry of Forestry (MoF) in 1983, watershed management activities came under the purview of the Directorate General of Reforestation and Land Rehabilitation, developing a watershed management plan for the forestry sector. Together with the MoPW, who were preparing a river basin management plan based on irrigation purposes, all of these plans were submitted to the governor whose watershed or rivers were within his administrative area for approval and were used as the reference for other sectors in watershed management.



The Ministry of National Development Planning (MoNDP), the MoEF, the Ministry of Public Works and Public Housing (MoPWPH), and MoHA were assigned tasks related to watershed management. The MoNDP was assigned to the preparation of national development plans and the coordination and integration of sectoral development plans, including watershed management areas. The MoEF was mandated to carry out cross-provincial watershed management plans, to establish watershed information centers in each province, to establish watershed observer forums, and to monitor and evaluate the performance of watersheds. The MoPWPH was tasked with developing management and strategies for utilizing water resources, managing rivers and controlling the destructive power of river water, managing irrigation and dams, managing swamps and lakes, and providing groundwater and raw water [30]. At the provincial level, the Forestry Service and its branches in each district are responsible for land rehabilitation in watersheds.



The government organizations involved in watershed management activities are presented in Table 1.



Indonesia has research and development institutions supporting watershed management activities, such as the Watershed Management Technology Center (WMTC), the Center for Research and Development of Water Resources (CRDWR), and the Center for Soil Research (CSR). However, since the National Research and Innovation Agency (BRIN) was established, all the research institutions have been merged and managed by BRIN. In addition, there are non-formal organizations, such as non-governmental organizations, functioning as facilitators in the coordination between the government and the community [31].




3.4. Big Failure and Success


Since it was implemented in 1967, watershed management has still failed, proven by the frequent occurrence of hydrometeorological disasters such as floods, landslides, and droughts [32]. Failures occur at the multi-stakeholder and community levels due to (1) a lack of stakeholder perception in understanding the impact of watershed management issues; (2) a lack of coordination between the officials in charge and the local government due to differences in watershed boundaries and administrative boundaries [33]; (3) a sectoral ego due to which watershed management problems are not handled thoroughly [34]; (4) the participation of government agencies in community empowerment being only incidental; (5) the implementation of activities using a project approach [35]; and (6) a lack of public awareness and knowledge about the importance of environmental protection [35,36].



The implementation of IWM encounters numerous obstacles, such as biophysical, socioeconomic, and institutional watershed issues. A new paradigm utilizing community participation strategies in IWM is expected to create a healthy watershed and to provide many ecosystem services [37,38]. IWM planning (RPDAS-T) is the main source of sectoral activities [39]. In addition, the use of natural resources must comply with various standards and regulations related to environmental protection [11].



However, there are success stories of watershed management, such as the Cidanau Watershed in Banten [31], Sumber Jaya in Lampung Province, Bungo in Jambi, Singkarak in West Sumatera, and Lombok in West Nusa Tenggara [40]. The success stories of watershed management have also been shown by indigenous people in managing forests, such as the Baduy tribe and Kasepuhan Ciptagelar in West Java, and the people of Muluy and Rantau Layung villages in East Kalimantan. This success was greatly influenced by the cultural characteristics of the community [41].





4. Sustainable Healthy and Productive Watershed: Parameters and Indicators


Watershed management is described as a process of formulating and implementing a series of actions involving natural resources and human resources, including social, political, economic, and institutional factors that are in and around the watershed and other related areas to achieve certain social goals [42]. Watershed management is carried out to produce the desired output by minimizing possible impacts (erosion, sedimentation, decreased fertility, etc.). Watershed management aims to plan and carry out watershed management actions to produce a healthy watershed to benefit all parties [43]. Meanwhile, under Law No. 37/2014 and Government Regulation No. 37/2012 on Watershed Management, watershed management aims to realize ecosystem sustainability and harmony and to increase the use of natural resources for humans sustainably. The characteristics of a sustainable watershed [44] are as follows:




	
Sustainable high productivity, including agriculture, trade, forestry, and recreation, as well as all management of existing resources that can guarantee a decent life;



	
Sustainable water yield, including quantity, quality, and distribution;



	
Equity, where all people are given the same opportunity to earn a decent income;



	
Resilience, in the sense that the shock of one location point in the watershed can be supported by other places. This resiliency is both described in terms of biophysical and socioeconomic factors.








Watershed health describes how well an ecological system is functioning. The biggest challenge is in determining the indicators. In general, indicators of a healthy watershed comprise the availability of water in adequate quantity and quality for various purposes; maintenance of soil fertility and land productivity; and a few hydrometeorological disasters such as floods, landslides, and droughts. Meanwhile, from various parameters of watershed characteristics, the United States Environmental Protection Agency (EPA) defines six main physical parameters as indicators of watershed health: (1) landscape conditions, (2) geomorphology, (3) hydrology, (4) water quality, (5) habitat, and (6) biological conditions [45]. The EPA uses various landscape data sets, country-reported water disturbance parameters, and monitoring of data to evaluate ecological and social indicators to determine watershed priorities that require protection or restoration [46,47].



To assess watershed health parameters, other studies have also been conducted to analyze hydrology and water quality by integrating watershed models and multi-criteria-based evaluation approaches [46]. Jun et al. [48] proposed a vulnerability index of water resources in the Bukhan River basin in South Korea to determine the spatial priority scale of watershed management to calculate the impact of climate change using the results of the HSPF (hydrological simulation program FORTRAN) model. Zhao et al. [49] used a SWAT (soil and water assessment tool) model with six indicators, including total nitrogen exports and total phosphorus exports, to evaluate the restoration priorities of the riparian buffer zones in the Liuxihe River basin in southern China. Shen et al. [50] designed a framework for identifying priority areas for Daning River watershed management in China by calculating pollution emissions from different areas and their effect on the quality of nearby water bodies using a SWAT model. Meanwhile, Chung et al. [51] developed an indicator-based multi-criteria approach to assess the vulnerability of water resources in the sub-WATERSHED and applied it to the Han Watershed using the SWAT model and a technique for determining the order of preference similar to that of the ideal solution (TOPSIS) approach.



A healthy watershed produces good-quality water and provides other greater goods and services to the people and wildlife that live there. The range of ecosystem services encompasses water filtering and storage, air filtration, carbon sequestration, nutrient cycling, soil genesis, recreational opportunities, food provision, and wood production. A considerable number of these services have yet to be priced, resulting in the frequent undervaluation of the economic contributions provided by robust and intact ecosystems throughout land use decision-making processes. Streams, reservoirs, lakes, and other water bodies are interconnected with the landscape and all their activities through the hydrological system. The dynamics of the relationship between land and water will greatly determine the health of the watercourses and the life within them. The preservation of intact watersheds is crucial in order to safeguard the significant ecosystem services that provide economic benefits to society and mitigate the need for costly replacement and restoration efforts. Maintaining riparian connectivity and natural processes in the landscape provides a support network for ecological integrity, ensuring a sustainable and cost-effective provision of clean water over time [52].




5. Existing Practices and Lessons Learned


5.1. Landscape Management


Integrated landscape management supports various goals, including food production, livelihoods, dietary health, social fairness, and climate change mitigation adaptation [53]. In Indonesia, the perspective of the landscape approach has been expanded and integrated into the perspective of the watershed management unit. The landscape condition is an indicator of a healthy watershed in addition to several other indicators such as habitat condition, hydrology, geomorphology, water quality, biological condition, and vulnerability [54], including the dynamics of the changes in the structure and function of the landscape in the form of land use and land cover.



Watershed management is a holistic effort that monitors hydrological relationships between upstream and downstream areas in managing land, water, and natural resources with broad dynamics of anthropogenic interactions [55,56]. Watershed management can be divided into four parts, namely (a) planning, (b) implementation, (c) monitoring and evaluation of watershed performance, and (d) assistance and supervision (Government Regulation No. 37/2012). However, in Indonesia, watershed management—as a form of natural resource landscape management—still faces complex problems due to the diversity of ecosystems, the involvement of many institutions/stakeholders, and spatial challenges across ecosystems and administrative regions [4].



Landscape management, in terms of watershed scale, is still experiencing various obstacles. In terms of planning, integration between authorized agencies is still lacking. The MoEF prepared an Integrated Watershed Management Plan (RPDAST), while the Ministry of PWH prepared a Water Resources Management Plan, both of which do not involve regional governments [39]. From an implementation perspective, the management of each watershed is unique and cannot be applied equally to all watersheds. This is because, in addition to varying in area from thousands of square kilometers to only thousands of hectares [13], watershed management must also consider the heterogeneity of landscape characteristics in the watersheds [57], such as soil properties; vegetation components related to water consumption, geomorphology, precipitation [57,58,59]; and socioeconomic and institutional factors [13]. In terms of monitoring and evaluation, the obstacles encountered are as follows: (1) coordination is only carried out by the MoEF and does not involve other stakeholders, (2) monitoring and evaluation results have not been used to improve watershed management plans for future years, and (3) integrated monitoring outlets are difficult to determine due to the different processes of planning and implementation of each institution.



Citarum is an example of difficulty in managing an enormous watershed (approx. 9000 square km). Citarum River’s water quality is poor due to the pollution from households, agricultural activities, fisheries, industry, and livestock waste [60,61], as well as land degradation due to land cover changes [62,63]. The issuance of the Presidential Decree Number 15/ 2018 on the Acceleration of Pollution Control and Damage to the Citarum River Basin cannot solve the problems due to a lack of facilitators, a lack of government budget, and a weak negotiating position toward business owners, coupled with lacking adequate academic reviews [64].



5.1.1. Upstream Watersheds


The Mountain Tropical Region (MTR) is the main source of water and plays an important role in food security in the tropics. MTR forests have very good benefits, including significance in the process of the hydrological cycle; regulating air humidity; reducing erosion and sedimentation; and providing important resources, both timber and non-timber. Multiple threats against MTR include land clearing, excessive exploitation of natural resources, increasing population, and natural events such as earthquakes and volcanic eruptions. MTR management must pay attention to the highest-priority strategy, and effective communication between stakeholders must be urgently improved. Damage to natural forests is characterized by degradation and deforestation. Degradation can be seen from the reduced crown cover to the changes in forest structure from shrubs to tall trees. Forest damage can be caused by natural factors such as forest fires, climate change, pests, and diseases. It is estimated that 30% (or around 34 million hectares) of Indonesia’s natural forests have been degraded [65]. The threat of forests will distract their function as water producers, carbon sinks, and habitats for various animals. The impact of various activities along the river flow has caused a decrease in the level of dissolved oxygen in the water; therefore, this will cause marine biota, such as fish, to experience a lack of oxygen and subsequent death.




5.1.2. Micro-Watersheds


A regulation from the Director General of Land Rehabilitation and Social Forestry (Perdirjen RLPS) No. P.15/V-SET/2009 on micro-watershed management was issued for micro-sized watersheds (<5000 ha). Since it was developed in an upstream area, the existence of a micro-watershed is very appropriate in protecting water catchment areas, which are usually highly vulnerable to degradation. The advantages of micro-watershed management are as follows: (1) statistically, it will reduce its complexity in terms of ecological, institutional, social, and community aspects; (2) coordination and synchronization between institutions and stakeholders is relatively easy; therefore, the planning, implementation, monitoring, and evaluation processes can run well in an integrated manner; (3) the data used are spatially more detailed, problems become easier to identify, the location of problems become easier to determine, and technical and institutional solutions become easier to find.



The concept of micro-watershed management can be a way out of watershed management problems in Indonesia, as suggested by Narendra, Siregar, Dharmawan, Sukmana, Pratiwi, Pramono, Basuki, Nugroho, Supangat, Purwanto, Setiawan, Nandini, Ulya, Arifanti, and Yuwati [4]. The results of the research conducted by Supangat et al. [66] provide several lessons learned: (1) detailed basic data on the potential and characteristics of micro-watersheds are important; (2) the micro-watershed management planning process requires a combination of “top-down” and participatory systems; (3) “top-down” planning can be used as a guideline for good land management upstream from a watershed; (4) participatory planning should be carried out when preparing land use plans and determining the types of community contribution; and (5) a collaborative plan with related stakeholders is needed to integrate and maintain micro-watershed management activities.





5.2. Soil and Water Conservation


Soil and water conservation activities, through coordination, participation, and collaboration with various parties, can produce healthy and productive watersheds [11,67]. In soil and water conservation activities, vegetative techniques through planting woody plants, shrubs, grasses, and other types of conservation plants [68] can be carried out through cropping pattern arrangements, i.e., agroforestry or community forests, mixed gardens, silvopasture systems, alley cropping systems, and contour hedgerows [4,69]. Mechanical techniques are applied to various constructions, i.e., swales, ridges (guludan), bench terraces, control dams, retaining dams, mud pits (rorak), drainage channels, infiltration wells, and gabions [68]. The selection of a mechanical technique is based on the existing problems, such as runoff, landslides, or sedimentation, as well as based on the watershed location, i.e., upstream from, middle of, or downstream from the watershed [4]. The application of terraces, such as bench terraces and ridge terraces, is still effective in reducing erosion [69,70,71,72] and increasing farmers’ income [73]. To reduce the cost of implementing soil and water conservation techniques mechanically, which are generally expensive, it is necessary to utilize local materials that are cheaper and easier to obtain, as well as to foster cooperation between farmers during their implementation using incentives from the government.



Agroforestry is one of the best soil and water conservation practices in Indonesia from an ecological and economic perspective [11] since it can reduce surface runoff and erosion [11,74] by 67% and 80%, respectively, compared to land without conservation measures [75]. The infiltration capacity in agroforestry systems is also higher than that of intensive farming systems, namely 479 mm/hour and 315 mm/hour in the Serayu Watershed, Central Java Province [76]. Around Mount Merapi in Central Java, agroforestry conserves soil and water while increasing income and providing food for the community [77]. In Gowa, South Sulawesi, a mixture of trees and coffee in an agroforestry system is used for the reforestation of degraded land [78]. The combination of agroforestry systems and local wisdom is an appropriate choice to increase the effectiveness of reducing surface runoff and erosion and to ensure the sustainability of soil and water conservation practices [79,80].



Various types of soil and water conservation practices have not fully guaranteed healthy and productive watersheds throughout Indonesia. This is because the application of these techniques has not been carried out systematically and integrated by related parties, such as the government, the private sector, and the community [81]. Narendra, Siregar, Dharmawan, Sukmana, Pratiwi, Pramono, Basuki, Nugroho, Supangat, Purwanto, Setiawan, Nandini, Ulya, Arifanti, and Yuwati [4] state that community participation is the key to success in soil and water conservation practices. Several points related to the importance of community participation in soil and water conservation need to be considered: (1) the government and private community, religious, traditional, youth, female, and other figures can raise public awareness to actively participate in various programs [82]; (2) the implementation of soil and water conservation needs to be carried out based on local wisdom to ensure sustainability [83]; (3) community participation can increase with innovative programs that can improve the community’s economy [84]; and (4) community capacity building is positively correlated with program sustainability [85]. In 2022, the Directorate of Soil and Water Conservation applied mechanical techniques by constructing 2985 units of soil and water conservation buildings consisting of 983 units of retaining dams and 2002 units of gully plugs, as well as vegetative techniques by holders of the Forest Land Use Agreements (PPKH) covering an area of 18,498.36 Ha.



5.2.1. Vegetative Rehabilitation through Reforestation and Afforestation


Reforestation is important due to its capability to protect life support systems such as regulating water systems, preventing flooding, controlling erosion, preventing seawater intrusion, maintaining soil fertility, and stopping the loss of biodiversity worldwide and the effects of climate change [65,86,87,88]. Afforestation is considered the formation of new forests in open areas, selective logging locations, or other empty land in forest areas. Forest renewal is thus the formation of new forests or replanting of forest areas that have been cleared and vacant land located within forest areas [89]. Reforestation’s key advantage is that it protects the ecosystem and the forest, which play key roles in maintaining life on Earth [90]. Forest restoration aims to return damaged ecosystems to their original state via a process that balances reforestation and deforestation to enable us to live on the planet sustainably [86].



One of the programs to save the forestry environment outside of a forest area is a reforestation and soil conservation program called One Million Tree Planting Day, which is one of the many efforts aiming to mobilize the community to protect the environment through a watershed ecosystem approach every year [91].



Besides nature reserves and core zones of national parks, degraded land within a watershed is a priority for land and forest rehabilitation. Priority is given to upstream watersheds due to their vulnerability to floods, droughts, and landslides. Upstream watersheds are also prioritized due to their catchment areas for reservoirs, dams, and lakes, recharge areas, river border areas, springs, lakes, and reservoirs, as well as their vulnerability to downstream watersheds that are vulnerable to tsunamis, seawater intrusion, and river abrasion. Table 2 shows the efforts for restoring forests and land from 2015 to 2021 [87], with 1163 gully plugs and 391 retaining dams constructed.



Restoration strategies must be tailored to the location, including species choice, planting season, and project schedule. Socioeconomic elements are crucial for restoring the forest environment during the restoration phase. The community can be involved in various ways, such as hiring locals for restoration projects. A standardized framework for direct choice making and effective forest restoration is proposed to boost the success of forest restoration, to enhance sustainability, and to enable the survival of forested landscapes.




5.2.2. Coastal Rehabilitation


Due to an increasing propensity for people to reside near the coast, especially in Indonesia, managing coastal development in hazardous regions has now become a serious problem. Nevertheless, coastal risks are frequently ignored until they harm the coastal areas significantly [92]. Semarang, Tegal, and Demak, three significant cities in Central Java, are struggling with severe coastal erosion issues. A historical shoreline change study helps to understand the trends in erosion and sedimentation, allows for some shoreline movement forecasting, and helps to understand the dynamics and processes of coastal erosion. Although physical and structural mitigation strategies have been successful in Semarang, Tegal, and Demak, they could not completely resolve the issue of coastal erosion in those areas [93].




5.2.3. Mangrove Rehabilitation


In Indonesia, at least three different planting designs—square, zigzag, and cluster—and eight different planting methods are used to restore destroyed mangrove ecosystems. These include the “banjar harian” technique, the “bamboo pole technique”, the “guludan technique”, the “water break technique”, the “huge polybag technique”, the “ditch muddy technique”, the “huge mole technique”, and the “cluster technique”. Rhizophora species are typically utilized for mangrove rehabilitation and/or restoration, with a 1 × 1 m spacing and a range of planting costs depending on the site’s local conditions and the planting method employed. Mangroves were planted from approximately IDR 14.2 million using propagules to IDR 18.5 million using cultured seedlings. The local population recently employed agroforestry techniques to utilize the mangrove ecosystem for many purposes and the related aquatic fauna to sustain their everyday lives (silvofishery, agrosilvofishery, and agrosilvopastoralfishery systems). Hence, a healthy mangrove ecosystem supports an array of luxuriant plant and animal species, which greatly contributes to the wellbeing of coastal communities [94].



Mangrove ecosystem protection strategies are crucial for long-term mangrove management and support the national blue carbon agenda. Indonesia has set a highly challenging mangrove restoration target of 600,000 ha, which must be completed by 2024 to meet the Sustainable Development Goals. Improvements in monitoring, assessment, and sub-national government representation can increase the likelihood of achieving mangrove rehabilitation objectives and reduce the risks of failure.




5.2.4. Peatland Ecosystem Restoration


The restoration of peatland ecosystems involves integrating communities and encouraging the private sector to restore their concession areas. The fundamental tenets of the restoration of peatland ecosystems include bettering water management through the construction of rewetting infrastructure; rehabilitating vegetation; and enhancing people’s social, cultural, and economic wellbeing and livelihoods (revitalization).



In Indonesia, peat swamp forests were first restored in the late 1960s due to large-scale government initiatives (such as transmigration and the mega-rice project), unregulated legal logging in concessions, and substantial illicit logging, all contributing to the depletion of forests. Drainage canals were constructed to promote agricultural growth and timber transportation, causing vast sections of peatland to be drained, leaving them dry and thus fanning flames. To suppress fires and to begin replanting, the restoration of degraded peatlands typically begins with raising the water table. Techniques for obstructing canals could be used to achieve this [95].





5.3. Flood and Drought


A healthy watershed is reflected in its ability to maintain river discharge in a constant state, which means there will be no droughts during the dry season or flooding during the rainy season. Unfortunately, as a tropical country that experiences two seasons, rainy and dry, Indonesia is very vulnerable to disasters caused by these two seasons, namely floods and landslides during the rainy season and droughts during the dry season. Apart from the effects of climate change, the increasingly frequent occurrence of floods and droughts shows that most watersheds in Indonesia are not healthy.



Floods are the most frequent disaster in Indonesia, with the National Board for Disaster Management (BNPB) having recorded more than 300 flood events as of the end of March 2023. On the other hand, as of 31 March 2023, there have been no reports of droughts in Indonesia. Although not as often reported as floods, droughts can cause other disasters, such as forest fires, which occurred 272 times in 2022. Those disasters show that efforts should be made to improve the health of the watersheds as well as to reduce floods and droughts.



Floods and droughts are disasters that occur one after another. The causes of droughts are the same as the factors that cause floods [96]. Both droughts and floods are caused by natural factors and a combination of natural factors and human factors [97]. The natural factor for both disasters is precipitation, too much or too little rainfall. The human factors for floods can be in the form of land cover changes [98,99]; an increase in impermeable areas [97]; an expansion of urban areas [100]; or tidal floods in coastal areas [101], which causes an increase in surface runoff and results in flooding.



Mitigation is an attempt to reduce the impacts of disasters and can be in the form of structural and non-structural mitigation [77,102,103]. Structural mitigation is carried out by using a technological approach and through the construction of physical infrastructure such as the construction of embankments, river canals, and dams/reservoirs; afforestation and reforestation; the construction of terraces; the maintenance of water springs; and the construction of ponds, rainwater reservoirs, and infiltration wells [102,103,104,105,106]. Non-structural mitigation includes mapping disaster-prone areas; constructing rules and policies; strengthening community capacity through training, education, and extension; forming working groups; and building a network among stakeholders [102,103]. Therefore, the mitigation carried out must be based on the level of hazard, vulnerability, and risk from both physical and social aspects [103,107]. However, the mitigation carried out cannot be generalized for all regions, although the same forms of mitigation may be used for several regions.



Structurally, several soil conservation techniques are designed to minimize runoff, and bio-pores are one of them. Bio-pore holes are a technique to reduce surface runoff [69], as well as soil erosion and sedimentation. It can be applied in densely populated residential areas [108] and in line with the development of green open spaces [109]. Furthermore, according to Aji and Palupi [110], the benefits of bio-pore holes include increasing water absorption; improving groundwater quality, as a place for organic waste disposal; converting organic waste into compost; increasing the role of soil fauna and plant roots activities; preventing flooding; and overcoming problems caused by standing water.



A silt pit (rorak) is another method to reduce runoff as well as erosion [69,111,112]. The dimensions and the number of silt pits are calculated based on the potential for surface runoff in the field [113]. In the urban area, when most of the surface area is impermeable, the use of infiltration wells is recommended. An infiltration well is an artificial hole that functions as a reservoir for surface runoff as well as increases in groundwater [69], does not require a large area of land, does not require expensive costs to manufacture, and is an environmentally friendly environment [114]. Siahaan and Kusuma [115] gave some criteria regarding the determination of the location of an infiltration well: 1. the well should be placed on relatively flat land; 2. the water should originate from rainwater that is not polluted; 3. the safety of the surrounding buildings must be considered; 4. the minimum groundwater depth should be 1.5 m during the rainy season; 5. the soil permeability value should be ≥2 cm/hour; and 6. groundwater contour should occur naturally, with ground water entering the soil layer easily.




5.4. Urban Planning, Pollution, and Waste Control


In contrast to watersheds in rural areas, river pollution, waste, and garbage greatly affect the health of watersheds in urban areas. Pollution in urban rivers comes from household waste, agricultural activities, and industrial activities. Pollution due to household activities can be seen from the amount of ammonia and phosphate; detergents; microplastics; oil; grease; and microbial contamination, including E. coli bacteria, which exceed their thresholds [116,117,118,119]. Various studies show that rivers in Indonesia that pass through big cities such as Brantas, Bengawan Solo, Ciliwung, Citarum, and Citanduy have experienced pollution ranging from low to severe levels [120]. For example, Jakarta, the largest city in Indonesia, whose rivers are often discussed by various parties with regard to water pollution, contributes 75% of the domestic waste in urban water pollution [121]. As the second largest city, Surabaya also experiences water pollution problems from domestic waste, particularly in the Brantas River [121]. Like Jakarta and Surabaya, Bandung also experiences water pollution, of which 80% comes from domestic waste [121]; even the Citarum River is one of the most polluted rivers in the world [122].



On the other hand, pollution originating from agricultural activities comes from residues of fertilizers, pesticides, or livestock manure that enter water bodies and can be seen from the amount of dissolved nitrogen (N) and phosphate (P) in the river flowing from upstream to downstream [123,124]. River pollution originating from industrial processes usually contains heavy metals such as lead, mercury, zinc, nickel, chromium, cadmium, oil, and grease [122,125], increasing BOD and COD levels and lowering water pH [126]. Most of these pollutants come from the textile, food and beverage, wood processing, pharmaceutical, manufacturing, and leather industries in the watersheds, especially in Java [122].



Because it is a serious concern, especially in big cities, waste management is a priority to be carried out in various places. Currently, many parties, both government and non-governmental organizations, are starting to clean up the trash and waste from river bodies. The government has been concerned about river cleanness for a long time, strengthened by the Decree of the Minister of Environment No. 35/1995 on the Clean River Program (PROKASIH). This decree aims to improve the function of the river by supporting sustainable development and controlling water pollution [127]. The main target of river cleaning activities is to dispose of domestic waste, especially plastic found in the river bodies. Some of the rivers that are the targets of PROKASIH include Cisadane, Ciliwung, Citarum, Brantas, Bengawan Solo, Siak, Code, Winongo, and Gajah Wong. In addition to government initiatives, there have been various clean river actions, such as those carried out in the Brantas Action (initiated by the Makara Institute) and the Clean Ciliwung Movement (conducted by the Ciliwung Caring Community). In line with the PROKASIH program and river restoration, 63 river observer communities have been formed, which are at the forefront of river pollution control, both through river clean actions and providing non-formal schools to raise public awareness of river cleanliness and sustainability [128]. Some of these communities are Pemerhati Kali Code Yogyakarta, Winongo Asri Yogyakarta Communication Forum, Sabo Jenenberang Community Forum, Makassar, Santri Jogokali Jombang, KPS Batu Bulan Ambon Maluku, and West Papua River Lovers Forum.




5.5. Payment for Ecosystem Services (PES)


The environmental services offered by a healthy watershed include the use of water for domestic and industrial purposes; for electric power; and as scenery, providing benefits in the form of ecotourism [129,130,131]. Water yield and water quality directly impact the source of income derived from the utilization of environmental services (PES), the most frequently suggested initiative in Asia regarding compensation for ecosystem services.



The demand for water and population growth continue to increase [132], and water is still a common good that is easily accessible to the public today, although it has shifted into a commercial good under the supervision of certain corporate sectors [133]. Proper arrangements must be made since these changes may create a conflict of interest [134,135]. This change increases the understanding of the value of ecosystem services that suddenly disappear when they are not free, and this makes the value of the ecosystem even more recognized. Several water services that have been utilized involve the Cisadane watershed [136], the Upper Kapuas river basin [137], the Musi watershed [138], the Upper Brantas watershed [139], Lake Sentarum [137], the upper Banjaran Sub-watershed [140], and the upper Cangkok and Banjaran Sub-watersheds [141].



Anthropogenic factors are the most important variables that impact how ecosystems provide environmental services [142]. Some human activities can damage the ecosystem, e.g., pollution from urban development [143,144], intensive land use changes that degrade watersheds and reduce water yields [145,146,147], and population pressure on land that causes degradation [148,149]. Due to environmental degradation, ecosystem services can become inaccessible and may require expensive restoration measures. One initiative to restore ecosystem functions is PES, which started in the mid-1990s. PES is the provision of environmental services used to finance ecosystem protection so that it can be used sustainably in many nations, particularly in Asia, the USA, Australia, and Costa Rica [130,150]. In Indonesia, PES refers to relationships with water and forests [151,152,153,154]. Entrepreneurs make payments for the ecosystem services used, such as PT Indonesia Asahan Aluminium in Noth Sumatra; PT Krakatau Tirta Industri in Banten Province; PT Aetra in West Java; and District Drinking Water Company (PDAM) in Lombok, West Kalimantan, and Aceh [129,155]. The collected funds are used to improve the ecosystems around the water sources so that ecosystem services can be utilized sustainably. West Nusa Tenggara and South Sumatra are regions that already have regulations related to PES [129,138].



The implementation of the PES program in Indonesia has experienced several challenges, such as (1) a lack of financial resources to fund PES programs [155], (2) a lack of legal frameworks and institutional capacity [156], (3) constraints on the coordination and synchronization of authority among stakeholders [155], and (4) a lack of public participation [157]. To address these challenges, (1) the Indonesian government needs to strengthen its legal framework for the development and implementation of the PES program (through Government Regulation No. 46/2017 on Environmental Economic Instruments); (2) increase funding for PES programs; (3) increase stakeholder involvement, especially community participation, and (4) increase capacity building among PES program participants. The Cidanau Watershed Forum is an example of a forum that has implemented PES in utilizing Cidanau Lake water. Its main activity is the mediation of payments for water environmental services that are utilized by the downstream private sector and upstream farmers. Payment for environmental services ensures the sustainability of community forests belonging to the community upstream from the Cidanau watershed.




5.6. Community Engagement


The success of sustainable watershed management involves all stakeholders, including local communities, who are directly affected by every decision made [158]. Empowering the local community with a great deal of knowledge regarding the nature, culture, and history of the area they settled in [159,160,161] will help identify the physical, biological, and cultural aspects that require protection [162]. Community engagement entails the active participation of the local communities in the decision-making processes [163,164] so that they gain a sense of ownership and responsibility for the natural resources and can better manage those resources [161,165,166]. Community engagement can also streamline communication between stakeholders and decision-makers, as well as address environmental justice challenges that have plagued local communities for decades [161,163].



Successful community engagement in watershed management requires a process that brings together stakeholders, including government agencies, non-profit organizations, and community groups [160,167]. Community participation can include various activities, such as education and training, citizen science, and volunteering, and can take the form of public meetings, seminars, and outreach initiatives. The low success of community involvement is due to distrust of the government and community economic pragmatism [168]. In the Keduang sub-watershed, Bengawan Solo watershed, research has shown that community empowerment efforts in various land rehabilitation and soil conservation programs through the provision of seeds, fertilizers, and subsidies have been less successful because the species determined by the government are not compatible with the physical and environmental conditions and local community needs. Additionally, research in three micro-catchments in the Keduang sub-watershed also showed that community participation in watershed management is only in the form of consultative participation and participation that is mobilized by incentives or assistance [169]. The use of a dry land agroecosystem (DLA) for seasonal crop farming in Java has caused severe damage due to rural communities' lack of ability to manage DLAs and the inaccuracy of government policies in building community empowerment models [170].



Some of the weaknesses of the community engagement process in watershed management are the use of a project approach, which tends to be top-down, and community involvement being limited to consultations/public hearings. Burgin [171] agrees that engaging communities through consultation with selected representatives of key groups to identify a single champion in the watershed management process is unlikely to be successful. Bach, Clausen, Trang, Emerton, Facon, Hofer, Lazarus, Muziol, Noble, Schill, Sisouvanh, Wensley, and Whiting [158] underlined that the participation of local communities is very crucial, as they are the ones most impacted by management decisions made at larger scales.



Community engagement in watershed management is challenging because the benefits are obtained in the long term and are received not only by the activity actors (on-site) but also by the downstream community (off-site). In a collective action, binding social capital [172], cooperation and community trust [173], and charismatic leadership [166] play important roles in increasing the possibility of a community understanding the objectives of natural resource management, empowerment, and two-way communication.



The MoEF has conducted research and development in community-based watershed management in South Sulawesi province to create healthy and productive watersheds at the micro-watershed level. The objectives of this micro-watershed management model consist of five objectives: (1) erosion and sediment control; (2) water-yield enhancement; (3) land productivity enhancement; (4) increased income; (5) increased awareness, concern, and participation, and (6) community capacity building at the personal and community organizational levels. In general, the community-based micro-watershed management model is described in Figure 4.



Micro-watershed management was carried out within the framework of community-based forest management (CBFM) as the main strategy. Following the CBFM strategy, micro-watershed management is carried out within the framework of sustainable forest management, with the target of meeting the needs for food, shelter, water, and electricity independently based on three main strategies, namely (1) area management strategy, (2) institutional management strategy, and (3) business management strategy, as follows:




	
Area management is a series of pre-condition activities carried out to support the implementation of community empowerment activities to optimize the use of existing resources in a watershed, including forest areas and resources, which include reserves such as boundary delineation; mapping; the determination of community empowerment work areas; and other activities, which include land use stewardship, forest protection, soil rehabilitation, and conservation.



	
Institutional management is a series of efforts in the context of optimizing the implementation of community empowerment by establishing the rules of the game, strengthening the organization, and increasing the human resource capacity.



	
Business management is a series of activities that support the growth and development of businesses in community empowerment through partnerships considering the responsibilities and benefits. The forestry business system in CBFM is a system that not only is in the form of cultivation but also includes the downstream sector, namely industry and marketing.








Those three main strategies are implemented in three major activities: (1) implementing forest and land rehabilitation and soil and water conservation, (2) developing the use of water resources for community welfare, and (3) fostering and facilitating community institutions.




5.7. Data and Information Management


Managing data and information on watersheds in Indonesia has evolved significantly over the past few decades. In the past, watershed data and information management in Indonesia only focused on hydrological data, such as streamflow, rainfall, and water quality. Initially, conventional measurement methods were used [174]. For example, water quality monitoring based on traditional field-laboratory-based measurements consisted of several stages: collecting a water sample manually, transporting the sample to the laboratory, conducting the analysis, and summarizing the water quality results.



However, in recent years, there has been a growing recognition of the need for a more integrated and comprehensive approach to watershed management, covering a wider range of data and information needs. From the point of view of a healthy and productive watershed, data and information should at least cover geomorphology; water quality, quantity and distribution; landscape; and habitat conditions in the watershed [45]. The increasing complexity of environmental problems in Indonesia, such as deforestation, land use change, and climate change, also drives this condition. Therefore, the use of recent technologies in data and information management is needed.





6. Key Strategies in Achieving Sustainability and Recommendations for Handling the Impact of Climate Change


From the lessons learned discussed in the previous section, we formulated three main elements of management to achieve a sustainable healthy and productive watershed: regulatory support, resource management actions, and organization and institution arrangement. These three elements must be seen as a unit. If one element is not optimal, then the whole system will fail. However, these three elements can run sustainably if there are physical and management inputs with the support of catalytic factors, namely transparency and accountability, clarity of authority, sustainable financing, and public participation and empowerment. A general rational watershed management system regarding physical and non-physical outputs is simplified in Figure 5.



The key strategies to achieve healthy and productive watersheds are described in the following sections. These strategies are also recommendations for mitigating climate change impacts and realizing sustainable watersheds.



6.1. Regulatory and Policy Support


Regulatory and policy support for sustainable watershed management to ensure the long-term health and productivity of watershed ecosystems needs to be carried out through a series of activities: (1) existing regulation and policy evaluation, (2) goal definition, (3) scientific evidence collection, (4) regulation and policy development, and (5) policy implementation and enforcement




6.2. Appropriate Resource Management Action


6.2.1. Ecosystem Conservation


Natural habitats within watersheds, such as forests, wetlands, and riparian areas, which play important roles in maintaining the quantity, quality, and distribution of water products and providing habitats for biodiversity, should be protected and restored [175]. Preserving woody plants or forests in forests, wetlands, and riparian areas is crucial to ensuring the availability of clean and safe drinking water since their coverage within a watershed affects the cost of delivering drinking water [176]. Optimizing land use in spatial planning, forest cover particularly, is crucial to meeting multiple ecosystem services, i.e., water, agricultural and forest products, and energy [177]. The key to success in ecosystem conservation practices for achieving healthy and productive watersheds is prioritizing the synergy between services and avoiding trade-offs between services. A trade-off occurs when human intervention improves the output of an ecosystem service, inversely lowering the output of another service [178]. Modifying the method of ecosystem management by enhancing the spatial linkages between various ecosystem services could improve watershed resilience [176] to the impacts of climate change.




6.2.2. Sustainable Land Use Practices


Sustainable land use practices should be promoted by minimizing soil erosion, reducing runoff, preventing soil and water pollution through precision farming and agroforestry, promoting the use of organic matter, and applying soil and water conservation techniques to achieve healthy and productive soils. Land use changes from forests to agricultural land significantly increase soil erosion. A global prediction for land cover change was that a reduction in forests by 4.1% into agricultural land would cause an increase in soil erosion by about 52%, while the conversion of 15.3% of observed croplands into agricultural land reduces soil erosion by 7% compared to the baseline [179].



An improvement in sustainable land use practices to reduce the environmental impact of climate change can be realized by applying precision farming. This farming system refers to using sustainable tools and information technology to increase efficiency and productivity and to offer more in-depth knowledge on effective agricultural management to farmers [180]. Precision farming promises a better working environment, a more profitable use of resources, a decrease in environmental stresses, and a higher level of profitability [181]. The key concept of precision farming is site-specific management, so the appropriate treatment must be applied in a suitable location at the right time [182]. Optimization is attained by considering the crop rotation effects, site qualities, moisture content, pest and weed concerns, and weather forecasts [181].




6.2.3. Water Use Management


Severe climate change will disturb the hydrological cycle and reduce water availability. Consequently, proper water use management, particularly water use efficiency, is essential. It can be approached through physical, social, and economic aspects. Physical aspects include building and maintaining water infrastructures such as dams, irrigation systems, reservoirs, and pipelines [183]. Controlling and maintaining water infrastructure networks are essential because they can detect and improve water leakage and efficiency [184]. The application of advanced technology is also a key factor in achieving a healthy watershed [185]. Using innovative technology, i.e., low-flow shower heads, low-flush toilets, and water-saving washing machines, can reduce water use [184], as can water filtration methods, water purification, and desalination [183]. Water harvesting from rainfall is a type of water management [183].



Water use efficiency can be achieved by encouraging efficient domestic, industrial, and agricultural water use practices with water-saving technologies and wastewater treatment, including the implementation of measures to reduce and control watershed pollution by minimizing the potential for point source and non-point source pollutants and protecting water sources [183].



Increasing water use efficiency may also be achieved via tariff reform [183,184,186] and tax policies for water resources [187]. The application of a tax policy and tariff reform must take into consideration the social–economic aspects of the communities. These should preserve social equity and, at the same time, guarantee the sustainability of water services and investments [186]. Equal opportunity should be applied to the upper and lower watersheds, high and low income, poor and rich people, and urban and rural [55].



With regard to the impact of climate change, water use efficiency is a crucial factor in the dry season. Rainwater harvesting (RWH) techniques for agriculture or daily consumption are one way to deal with drought. Technically, RWH can be in the form of embung (on-farm reservoir), check dams, channel reservoirs, or infiltration ditches [188,189]. RWH can also be in the form of “Akuifer Buatan dan Simpanan Air Hujan”/ABSAH (Artificial Aquifer and Rainwater Storage). ABSAH is a water supply building made to be tightly closed so that rainwater can be stored and flows into an artificial aquifer and then stored in a reservoir [104]. The other benefits of implementing RWH include saving water during the rainy season, using it in the dry season, and replenishing groundwater. Other SWCs for drought mitigation include drip irrigation, mulching, silt pits, and soil moisture retention [69]. Traditional knowledge of drought mitigation has been used in Nusa Penida Island, Bali [190]; Central Java [104,106]; and Maros watershed, South Sulawesi; as well as Moyo watershed, West Nusa Tenggara [107,191].



Drought forecasting and early warning are essential non-structural forms of drought mitigation. Several methods have been developed and implemented in Indonesia for forecasting and early warning purposes. For example, Tallar and Dhian [192] employed the Drought Vulnerability Index (DVI); the Standardized Runoff Index (SRI) was used by Auliyani et al. [193], Primadita et al. [194] utilized the Drought Vulnerability Level the with rainfall, evapotranspiration, geology, landform, and water source parameters; a regional frequency analysis was used by Kuswanto et al. [195]; and spatial and temporal analyses were used by Bashit et al. [196]. The outputs from drought forecasting have been employed for early drought warning systems. These systems help decision-makers to take appropriate actions, such as water rationing, crop insurance, and emergency relief [197]; to determine cropping patterns considering water availability; to promote for water-saving movements; and to monitor and evaluate efforts dealing with droughts [103].




6.2.4. Public Knowledge and Awareness


Public participation should be promoted through campaigns to increase understanding and positive attitudes towards watersheds to increase awareness of the importance of sustainable water management practices and to encourage individual and community participation. Learning to use water sustainably for domestic purposes can be achieved from childhood via education in schools and promotion in the community in general through discussion forums or television, the radio, YouTube, and leaflets.



A key action to speed up knowledge transfer is to provide fresh ideas and methods for managing sustainable water use to educational institutions [186]. The related government institutes, governmental entities, and NGOs should support and coordinate a nationwide long-term educational, cultural, and information campaign to raise awareness of water use efficiency [184,186].



To achieve sustainability in terms of healthy and productive watershed, a top-down approach must be accompanied using a bottom-up approach that involves the community [67,158,165,171], and the community must be involved from the early stages of determining the program goals and objectives [161,166]. Thus, efforts to increase public understanding of watershed management and the upstream–downstream relationships in a watershed are urgently needed, in addition to increasing community confidence in expressing opinions [198]. By involving the community in watershed management, they will play an active role in maintaining the sustainability of the watersheds and have independent resilience when facing the impacts of climate change.





6.3. Effective Institutional and Mechanism Arrangement


6.3.1. Watershed Planning and Governance


Developing a comprehensive watershed planning system involving all stakeholders, including government agencies, local communities, NGOs, and businesses, with clear governance structures and mechanisms for decision-making, is important when dealing with the impacts of climate change. What governance arrangements are most suitable, who should be involved, and what responsibilities should be shared are three important things that must be considered according to the context of the problems in the various watersheds that need specific handling.



Because it will focus on the underlying causes of issues in the field, watershed planning with a bottom-up system that starts at the site size (micro-catchment) is particularly appropriate and successful [11,67]. However, to manage government initiatives, it is argued that there should still be top-down control from the central government [67,83]. The presence of a coordinating agency, such as the District or Provincial Development Planning Agency (Bappeda), can serve as a facilitator for watershed management planning at the site level [66,199]



Utilizing remote sensing (RS) and geographic information systems (GIS) is essential in planning and monitoring the evaluation of watershed management. RS technology allows for the scope of analysis to be wider spatially and temporally [200], while GIS has allowed for better spatial analyses with a combination of various watershed models. Several studies in Indonesia have used the integration of RS, GIS, and modeling for drought-prone area detection [201], habitat studies [202,203], landslide mapping [204], flood modeling [205], land use change [206], and land suitability change for specific species [207]. Modification models by integrating existing models or methods with various climate change scenarios will minimize the impacts of climate change.



We also recommend employing recent technologies such as IoT, AI, and Big Data that can be used to support data acquisition, analysis, and real-time decision-making. IoT in watershed management is used to connect various measuring instruments between tools and the internet network for effective decision-making. IoT also produces huge data called Big Data, characterized by high volume, variety, speed, and variability. Big Data provides opportunities for more accurate data analysis that can be used for confident decision-making, reducing management risk, cost-effectiveness, and implementation efficiency [13]. The utilization of Big Data certainly requires powerful analytical tools that can learn from data to support decision-making based on the input provided. This science and technique are now known as AI. AI has been widely used to deal with various problems, such as biodiversity, energy, and water management [208].



AI, IoT, and Big Data are used in Indonesia, in relation to healthy and productive watershed management, to address wastewater pollution [209], smart agriculture [210], disaster management [211], water flow monitoring [212], disaster early warning [213,214], streamflow simulation [215], and rice productivity [216]. However, implementing AI, IoT, and Big Data for healthy and productive watershed management in Indonesia remains an important challenge. These challenges relate to the infrastructure (hardware), the quantity and quality of data, technical limitations, the energy sources to support the infrastructure, financial constraints, deployment problems, and other socioeconomic difficulties [217]. The Indonesian government has established several initiatives to improve watershed data and information management by appointing several institutions as being responsible for the data from specific sectors. These initiatives are expected to make data and information management more organized, to make specific data for different usages more uniform, and to improve the interoperability among institutions. Hence, these technologies are needed for mitigating the impacts of climate change and achieving a sustainable watershed.




6.3.2. Sustainable Financing and Economic Incentives


Economic incentives, tax breaks, or payments for ecosystem services need to be developed to encourage sustainable practices and investment in watershed protection and restoration involving multiple parties, including the government, the private sector, the industry, NGOs, international agencies, and local communities. The community in Indonesia is typically weak at different stages, such as post-activity maintenance; therefore, continuity and guarantees of the availability of these funds are essential to implementation. According to Nugroho [38], farmers cannot maintain terraces when the project is finished because there is no longer any money.



Several choices of sustainable financing schemes are available for environmental and forest conservation from within and outside the country. This funding can be in the form of public funds originating from the government budget; foreign grants or loans; or non-public funds in the form of private funds, BUMN, or material funds from philanthropic institutions or NGOs [69]. Numerous funding schemes exist, either from CSR funds or the PES mechanism. Aligning the parties’ initiatives with the local community’s watershed management and conservation efforts is essential for success. However, the conditions needed to support the application of sustainable financing include regulatory, fiscal, and administrative instruments that support policy implementation [69].




6.3.3. Collaboration and Partnerships


All stakeholders, including government agencies, local communities, businesses, and NGOs, should collaborate to coordinate and synergize the use of resources, expertise, and knowledge to achieve effective watershed management. This includes implementing a monitoring program to systematically and sustainably assess the quality, quantity, and health of the watershed, enabling the early detection of watershed disturbances and facilitating adaptive management strategies. This includes leveraging sensor-based real-time monitoring systems connected to Web GIS and voluntary monitoring in a citizen science concept.



Collaboration and coordination among the parties involved in watershed management are essential to bridging the financial gap for conservation initiatives while limiting the likelihood of operations overlapping [218,219]. As part of participation in watershed management, cooperation and collaboration are also important [83]. Collaboration between institutions dealing with climate change management and watershed management is important since the main activities in watershed management, such as reforestation and reforestation, are used to improve watershed productivity and can also be used to sequester CO2 from the atmosphere or to mitigate climate change [11].






7. Conclusions


Land degradation and hydrometeorological disasters triggered by climate change are still the main obstacles to watershed management in Indonesia. Weather uncertainty, spatially and temporally, has affected land management patterns and resulted in decreased productivity. This poses a risk to watershed management toward a productive and healthy watershed. Achievements and failures can be learned from more than 50 years of watershed management practices in Indonesia. This can be seen in all management phases, from planning to implementation and evaluation, as well as in the relationships between elements of land management, water management, and socioeconomic institutions.



The multi-stakeholder and community levels both have issues contributing to watershed management’s failures. At the multi-stakeholder level, the problems include a lack of perception in understanding the various impacts of a problem, a lack of coordination between officials responsible for watershed management and local managers, and sectoral egos, which are highly prioritized in watershed management. Meanwhile, problems at the community level include a lack of community participation and involvement in environmental management, a lack of public awareness and knowledge of the importance of environmental protection, as well as financial limitations to carry out soil and water conservation independently.



Integrated watershed management (IWM) is the best choice to overcome the shortcomings of the previous management system. IWM includes all factors considered to restore watershed conditions, including water resource utilization, land use according to carrying capacity, water quality control, and environmental preservation. IWM encounters many obstacles, including biophysical, socioeconomic, and institutional issues. IWM’s new paradigm emphasizes active community participation to provide a healthy and productive watershed.



Watersheds have been regulated through several regulations, but due to its multidisciplinary, cross-aspect, and sectoral nature, synchronization and coordination problems often become obstacles. Watershed management regulations and policies in Indonesia are still relatively disconnected from one another due to their high complexity and tend to be sectoral. Additionally, the weak determination of each party in making integrated planning products (RPDAS-T) the main source of sectoral activities is still an ongoing issue. This is reflected in its implementation, where supporting regulations, policies, and management action plans to achieve a healthy and productive watershed have not been well integrated.



IWM’s steps towards sustainability must be supported by effective management, policies, and regulations that facilitate implementation and strong institutional and organizational structures. A healthy and productive watershed produces sustainable water yield and provides greater benefits to the people and wildlife that live there. The lessons learned from micro-watershed management include the importance of community-based forest management (CBFM) with the following main strategies: (1) carrying out forest and land rehabilitation as well as soil and water conservation; (2) developing the use of water resources for community welfare; and (3) fostering and facilitating community institutions.



Watershed management aiming for a healthy and productive watershed requires a series of criteria and indicators (C&I) that must be met at each stage and supported by integrated regulations and policies based on scientific studies, which align with existing traditional knowledge and local resources. The C&I illustrates how watersheds play a part in processes, including landscape and land use planning, SWC, disaster management, waste and pollution control, and ecosystem services.



Community participation remains the key at every stage of watershed management. Many failures in the past have resulted from a lack of community involvement, especially during the crucial planning and maintenance phases following implementation. This active involvement also aims to reduce inadequate funding for conservation activities, which can be met from community contributions. Thus, the continuity and sustainability of financing in creating a healthy watershed will be fulfilled.



Good data management is one of the keys to helping effective watershed management efforts. Utilizing information technology such as IoT, AI, and Big Data is very helpful in supporting real-time data acquisition, data analysis, and decision-making in modern watershed management. Some examples of its application include wastewater pollution observation, smart agriculture, disaster management, water flow monitoring, and disaster early warning systems.



Sustainable watershed management requires three mutually reinforcing supporting elements: regulatory support, resource management actions, and organizational and institutional arrangements. These three elements must be implemented while simultaneously supported by the accelerating factors, namely transparency and accountability, clarity of authority, sustainable financing, and public participation and empowerment.



Importantly, the success of healthy and productive watershed management depends on active participation from all stakeholders, including the community, government bodies, and the private sector. This collaborative effort is essential for achieving a thriving watershed. By incorporating these principles and fostering a sense of shared responsibility, watershed management can effectively meet the demands of the present without compromising the needs of future generations.
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Figure 1. Comparison of the maintained and restored watersheds in Indonesia. 
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Figure 2. Distribution of watersheds in Indonesia. Several watersheds mentioned in the text are included in the 108 priority watersheds and are given their own color. 






Figure 2. Distribution of watersheds in Indonesia. Several watersheds mentioned in the text are included in the 108 priority watersheds and are given their own color.



[image: Land 12 01963 g002]







[image: Land 12 01963 g003] 





Figure 3. The Indonesian regulatory system’s hierarchy for watershed management. 
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Figure 4. Micro-watershed management scheme for community welfare and watershed resource conservation. 
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Figure 5. The conceptual framework for achieving sustainable healthy and productive watershed. 
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Table 1. Government organizations that mandate watershed management at various levels.






Table 1. Government organizations that mandate watershed management at various levels.





	
Level of Government

	
Mandate




	

	1. 

	
UU 41/1999 (Forestry)




	2. 

	
PP 37/2012 (Watershed Management)







	
UU 23/2014

(Regional Government)

	
UU 17/2019

(Water Resources)

	
UU 25/2004 (National Development Planning System)






	

	I.

	
State Government







	1.

	
Ministry of







	
Environment and Forestry

	
Home Affair

	
Public Work and Housing

	
National Development Planning




	

	
Directorate General (Echelon I)






	
Watershed and Forest Conservation Management

	
Fostering Regional Development

	
Water resources

	
Deputy for Maritime Affairs and Natural Resources




	

	b.

	
Directorate (Echelon II)







	

	
Watershed Planning, Monitoring and Evaluation



	
Soil and Water Conservation



	
Inland Water Damage Control






	

	

	
Directorate of Water Resources Management System and Strategy



	
Directorate of Rivers and Beaches



	
Directorate of Irrigation and Swamp



	
Directorate of Dams and Lakes



	
Directorate of Groundwater and Raw Water



	
Directorate of Operations and Maintenance



	
Directorate of Water Resources Engineering






	
Directorate of Forestry and Water Resources Conservation




	

	c.

	
Institute (Echelon III)







	
Watershed and Forest Conservation Management

	

	

	




	

	II.

	
Local Government







	a.

	
Province







	

	

	
Forest Services



	
Environment Services



	
Water Resource Services






	

	
River Basin Institute






	
Provincial Planning Agency




	

	b.

	
District/Municipality







	

	

	
Environment Services



	
Irrigation Services






	

	
District Planning Agency








Sources: cited from various sources.













 





Table 2. Area for forest and land rehabilitation in 34 watersheds (in hectares).
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	Year
	2015
	2016
	2017
	2018
	2019
	2020
	2021





	Conservation/Protection of Forests
	10,508
	7087
	19,482
	25,170
	206,000
	15,434.30
	69,961



	Mangrove Forests/Beaches/Swamps/Peat
	481
	497
	1175
	960
	1000
	18,709.54
	1381



	Urban Forest
	240
	215
	452
	-
	-
	-
	-



	Agroforestry
	7624
	13,416
	15,875
	-
	-
	-
	-



	Land rehabilitation with seedlings from community nurseries and Permanent Nursery
	181,594
	177,151
	164,006
	162,500
	188,168
	78,276
	81,112



	Total
	200,447
	198,366
	200,990
	188,630
	395,168
	112,419.41
	152,454







Source: MoEF [87].
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