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Abstract

:

This paper provides an overview of the implementation and obstacles of watershed management, and the alternative solutions based on a synoptic review of related studies and experiences across Indonesia. The review found that problems in the institutional aspect were hierarchical confusion, discrepancy, and asynchrony among regulations, and weak (participation, synchronization, and coordination) among watershed management stakeholders. The weaknesses in the planning stage are integration among sectors, a lack of community participation, and limited readiness to integrate watershed planning into regional planning. Stakeholders’ involvement is also a critical factor in successful implementation of degraded watershed rehabilitation, including in peatland and mangrove areas. Failure should be minimized by providing adequate information on degraded watershed characteristics, appropriate species choices, and effective mechanical construction for soil and water conservation. Community participation as the main factor in driving watershed management should be achieved by strengthening public awareness of the importance of a sustainable watershed and providing access for the community to be involved in each stage of watershed management. Another problem is data gaps which are essential to address from the planning to evaluation stages. The gaps can be bridged by using remotely sensed data and by applying hydrological-based simulation models. Simplified criteria for watershed assessment may also be required, depending on site-specific issues and the watershed scale.
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1. Introduction


Indonesia is committed to its Sustainable Development Goals (SDGs) as a global action plan for the next 15 years. To achieve the SDGs, the government must ensure that environmental conditions are within tolerance limits for human welfare and resources are in a safe quantity and quality range to support life and the national economy. This condition will be achieved, among other ways, through sustainable watershed management, which ensures the provision of clean water, sustainable use of terrestrial and aquatic ecosystems, prevention of continued land degradation, and rehabilitation of degraded forests and land resources [1].



A watershed can be defined as a topographically delineated area drained through a stream system to a point in a stream known as an outlet [2]. A more detailed definition is provided in Government Regulation No.37/2012 as a reference in watershed management in Indonesia [3]. A watershed is not only a topographical boundary of a hydrological unit; it can also be used as a socioeconomic and political unit to manage available natural resources [2,4]. Using a watershed as a unit for analysis, a causal relationship is shown between upstream and downstream consequences. In this regard, the purposes of watershed management are to raise awareness and increase participation of related agencies and the community for better watershed management, to create productive land in a sustainable way, and to realize optimal quantity, quality, and sustainability of water [3].



The concept of watershed management was first introduced in 2000 BC [5]. Watershed management is a continuous process, along with the management of natural resources and human life dynamics [2], and problems in managing watersheds seem endless [6]. Along with population growth, various watershed problems arise because of changing needs of human life. Consequently, watershed management, which is concerned with soil and water resources, also integrates the dynamic development of social, economic, and environmental issues [5].



A watershed is a highly essential unit for planning in natural resources management [7,8]. Watersheds reflect spatial and temporal heterogeneities of landscape properties and their responses to the complexity of climatic inputs [9]. Thus, management of the watershed unit is important for Indonesia as an archipelagic country with distinct climate diversity. The rainfall pattern varies from around 2000–3000 mm/year in the western part to 500–1000 mm/year in the eastern part [10]. This condition will affect the amount of water resources. The total area of 1.905 million km2 and a population of more than 270 million (in 2020) will affect the carrying capacity (the population size that can be sustained by specific environment characteristics) related to watershed conditions [11]. Figure 1 presents the watershed distribution and main cities in Indonesia.



In Indonesia, a long history of watershed management has been described by the Watershed Management Technology Center [12]. The devastating flood of the Bengawan Solo River in 1966 raised awareness of the importance of nature conservation through watershed management. This large flood was caused by the geographic location of Solo City, in a depression zone prone to flood hazards and triggered by watershed degradation due to deforestation in the hinterland. The forced cultivation system starting in 1830 caused deforestation and induced soil erosion and landslides. The materials from these two processes caused siltation in rivers, leading to flooding [13]. A rehabilitation project on an extensive operational scale was initiated in 1969 by the Ministry of Agriculture to overcome and prevent further watershed degradation. Rehabilitation of degraded watersheds and soil and water conservation (SWC) is continuously carried out through the project for the entire country.



Currently, watershed management activities in Indonesia are more focused on hydrological and water management aspects [14,15,16]. In addition, SWC programs to prevent flooding and erosion have been prioritized [17,18,19,20] for forest and degraded land rehabilitation [21,22,23], as well as spatial land use planning to achieve a sustainable watershed [24,25,26,27].



Although various watershed management activities have been carried out, there are some constraints in achieving sustainability of watershed management in Indonesia. The concept of a watershed as a unit of analysis in a development policy often clashes with other aspects [28]. This is due to several factors, such as asynchrony between laws, dissonance between the watershed management authority and the public administration authority [29], noncompliance between existing watershed management policies and Government Regulation No. 37/2012 [30], a lack of participation and internalization of watershed management planning in regional spatial planning, and insufficient communication, coordination, and synergy in carrying out watershed management activities by each development sector [31,32]. In this situation, it is essential to form an ideal watershed management institution and promote efforts to build community participation and use efficient tools and methods to meet data adequacy for the success of watershed management implementation, from planning to evaluating stages [33,34].



Based on the description above, this review paper aims to provide an overview of the implementation of watershed management and the obstacles faced based on a synoptic review of related studies and experiences across the nation. The discussion covers management implications, case studies, and problem analysis in order to recommend alternative solutions. The findings and problem solving will be useful for watershed managers and policymakers to formulate steps to achieve watershed management goals. This paper is arranged based on research experiences and watershed management practices from the site level to the national level, at large and micro watersheds, and under various biophysical conditions. The reviewed materials were obtained from national and international published research papers, unpublished reports, and relevant books. Some references are the results of research and reports on watershed management activities carried out by the authors, and some have been used as guidelines in watershed management.




2. Institutional Watershed Management in Indonesia


In the institutional context, watersheds can be seen as natural resources with various forms of ownership (private, common, and state property) that produce goods and services and foster interdependence among parties, individuals, or community groups [35]. Watershed management involves formal and informal institutions, depending on the management level; both mutually reinforce the implementation, especially at the local community level [36,37]. The rules involved in watershed management can be formal legal regulations and informal rules applicable at the local level.



2.1. Rules Involved in Watershed Management


As the supreme rule, the 1945 State Constitution mandates: “Earth and water and the natural resources contained therein are controlled by the state and used for the greatest prosperity of the people” [38]. Various regulations from the articles in the Constitution have emerged and have become more dynamic in the last 10 years. There are several laws and their derivative hierarchies related to watershed management, as shown in Figure 2.



However, watershed management has not been operating successfully due to juridical constraints. In Indonesia, these constraints are related to hierarchical confusion and discrepancies among regulations, among other factors. An example is the confusion between Government Regulation No. 37/2014 on soil conservation and Law No. 37/2012 on watershed management. Substantially, soil conservation is part of watershed management activities. However, in the regulatory hierarchy, soil conservation is actually regulated by law, while watershed management is only regulated at the government level (Government Regulation No. 37/2012 concerning watershed management).



Another institutional problem related to watershed management regulation is the asynchrony between laws. Law No. 23/2014 concerning the regional government states that watershed management is the responsibility of the central government and provincial governments. The attachment to Law No. 23/2014 concerning the division of concurrent government affairs states that watershed management is the responsibility of the central and provincial governments [39]. Meanwhile, Law No. 37/2014 concerning water and soil conservation (promulgated in the same year), and Government Regulation No. 37/2012 concerning watershed management stipulate that watershed management from planning to implementation is not only the authority of the central and provincial governments but also the district government according to the watershed level. Other discrepancies in regulations related to watersheds are between Law No. 41/1999 (including its derivative regulations) and Government Regulation No. 26/2008 concerning national spatial planning, a derivative of Law No. 26/2007 concerning spatial planning. Government Regulation No. 26/2008 reduced the definition of protected forest and the criteria for determining protected forest as regulated in Law No. 41/1999, which contains objectives and criteria based on ecosystem sustainability only based on the criterion of geographic location to meet downstream needs.



The tendency to simplify the rules is also evident in the enactment of Law No. 11/2020 on job creation, which functions as an omnibus law [38]. This revised Law No. 41/1999 on forestry is related to the minimum forest area in a watershed or island [3]. Based on Law No.11/2020, the minimum forest area is no longer determined at 30% of the area of a watershed or island but is determined according to bio-geophysical conditions, environmental carrying capacity, watershed characteristics, and diversity of flora and fauna. Indeed, at the beginning of its emergence, various parties made strong criticism and suspected that ecological interests had been defeated by investment interests, which will potentially cause damage to watersheds, given that the restrictions are only based on debatable normative conditions [40,41,42]. The challenges should be addressed by all stakeholders responsible for the formulation of laws and regulations.



In addition to paying attention to formal legal aspects, watershed management also accommodates the development of relevant institutions rooted in local communities and closely related to customs, traditions, norms, and beliefs [37]. In Indonesia, traditional communities and indigenous peoples have wisdom in implementing aspects of watershed management. Some can be documented and taken into account in watershed management planning.




2.2. Institutions of Watershed Management


There are three types of organizations that are related to watershed management in Indonesia: government institutions formed under the mandate of laws and other regulations; institutions formed by the government based on the mandate of the law but whose members consist of NGO administrators, academics, researchers, and environmentalists; voluntary institutions formed by community members with their own awareness, who are actively involved in watershed management activities [35].



The Indonesian government established four ministries regarding government institutions and delegated watershed management to the provincial and district governments (Table 1).



The ministerial-level government organizations are responsible for formulating a national development plan, as well as coordinating and integrating sectoral development plans, including watershed management. Government Regulation No. 37/2012 requires the Ministry of Forestry to conduct interprovincial watershed management planning, establish a watershed information center in each province, establish a watershed observer forum, and monitor and evaluate watershed performance [3]. Based on the mandate of Law No. 17/2019, the Ministry of Public Works and Housing is responsible for developing management strategies for utilizing water resources, managing rivers, and controlling the destructive power of river water, managing irrigation and dams, swamps and lakes, and providing groundwater and raw water. Based on Law No. 23/2014 concerning regional government, provincial governments are mandated to manage watersheds in their administrative areas [39]. In fact, in the previous version of the regional government law, Law No. 22/1999, the watershed management mandate extended to the district and municipal levels [43], which is in line with the mandate according to Law No. 37/2014 concerning SWC.



Since the establishment of the Ministry of Forestry in 1983, watershed management activities have been run independently. The Directorate General of Reforestation and Land Rehabilitation under the Ministry of Forestry prepares a watershed management plan following the forestry sector watershed management plan, while the Ministry of Public Works prepares a river area management plan based on irrigation interests.



However, the scheme has been repeated since the issuance of Minister of Forestry Regulation No. 39/2009 concerning guidelines for preparing an integrated watershed management plan [3]. The integrated watershed management plan was ratified by a provincial regulation where a watershed is located. The Ministries of Forestry and Public Works formed a watershed management institution in each river basin. The Ministry of Forestry established the Management of Watersheds and Protected Forest Offices, and the Ministry of Public Works launched the River Basin Institution.



Law No. 17/2019 requires the Ministry of Public Works and Housing to establish an organization, the National Movement of Water Conservation Partnership [39]. This organization is located in the capital city (Jakarta), and each watershed has one sub-organization. Likewise, Government Regulation No. 37/2012 mandates that the Ministry of Forestry establish “watershed forums” in the capital city and each main watershed [3]. There is usually an overlap between the members of the two organizations, consisting of bureaucrats from two ministries, university lecturers, members of non-governmental organizations concerned with watershed management, and researchers. The purpose of establishing this organization was to provide policy input, advocacy, and control over watershed management activities carried out by the two ministries. However, because funding comes from the ministries, the function of the institution to control activities does not work properly due to mutual reluctance between the two institutions. One more organization related to watershed management activities, the Indonesian Soil and Water Conservation Society, was founded in 1998, consisting of bureaucrats, university lecturers, observers, and members of non-governmental organizations interested in soil and water conservation. The funding comes from the Ministry of Environment and Forestry, and this organization provides more policy input to that ministry. There are also several research and development institutions providing support for watershed management in Indonesia: Watershed Management Technology Center (WMTC), Center for Research and Development of Water Resources (CRDWR), and Center for Soil Research (CSR).



In practice, all of these institutions have carried out their respective duties, but unfortunately, there is still sectoral selfishness. Each sector developed a watershed management plan based on its own needs, and together they are difficult to harmonize; in fact, all parties are already aware of this weakness.



Regarding community involvement, the government stipulates that community participation in watershed management can be carried out by individuals or in the form of a coordination forum, which assists in supporting integrated implementation. The Ministry of Environment and Forestry states that the role of local communities, including customary law communities, in managing natural resources and the environment with practices of local wisdom is very important for the preservation of natural resources and the environment. Several local communities in Indonesia are actively conserving watersheds through forest protection management, such as the Batak people, who preserve the pine forests around Lake Toba, the people in Lampung, who protect the shorea forests, the Cidanau community, who preserve the Cidanau watershed, and people of Kampung Naga in the upper Ciwulan watershed, who have passed on norms and soil conservation systems from generation to generation [44,45,46].





3. Watershed Management Planning and Internalization in Regional Spatial Planning


3.1. Watershed Management Planning Mechanism


Watershed management planning is natural resource development planning using watershed boundaries as the management units [6]. Planning is the initial stage of all management activities and is crucial in the development of an activity plan to improve watershed conditions. Based on Ministry of Forestry Regulation No. 60/2013, the management planning mechanism consists of two main stages: problem identification and analysis and plan formulation [3], as shown in Figure 3.



In implementing the planned watershed management activities, the ability and capacity of all stakeholders involved in the guidelines (Figure 3) must be improved so that the implementation can achieve the expected goals and objectives. Stakeholders are also expected to have the ability to identify and analyze problems as a consideration in the next watershed planning. The guidelines can be implemented if all parties are aware of the importance of integration in the implementation of watershed management. However, the implementation does not go well when there is a lack of communication, coordination, cooperation, policies, and regulations [31]. Watershed management planning mechanisms in Indonesia need to be developed by increasing the participation of all parties, both online and offline; improving the integration of plans from all sectors, government levels, and parties involved; clearly defining the responsible authority; and incorporating the plans in the provincial and district spatial planning. Although the ministry regulation guide integrates the plans of the central and local governments, in practice, the role of the central government is still dominant [36]. For example, the level of integration of the Garang watershed management still needs to be improved. In overcoming this problem, it is necessary to organize an integrated management plan, structure watershed boundaries with administrative areas, and maintain a clear separation of functions for each stakeholder in the management of this watershed [47].



Regarding regional development planning, as stated in Ministry of Forestry Regulation No. 60/2013, watershed management planning should be tiered at the national, provincial, and district levels, and finally at the micro or implementation level, as seen in Figure 4 [3]. The national watershed management plan should be downgraded to the provincial and district levels. Through the provincial planning agency, each provincial government can prepare a watershed management plan in its administrative area. Based on Law No. 23/2014, a district does not have watershed management authority, so the provincial government can delegate its authority to the Forestry Service Branch [39]. The mandates for implementing watershed management at the district level include determining the locations of micro watersheds, developing management plans, and implementing, monitoring, and evaluating the plans. The term of a watershed micromanagement plan is five years, divided into an annual plan that is expected to be used as a model for implementing watershed management.



Another influential factor in watershed management planning is community participation. In the future, watershed management planning should be carried out online so that all communities can provide feedback. This has been practiced by Colorado Natural Heritage (CNH), which developed a watershed planning toolbox. As an online mapping tool, the toolbox helps users visually monitor the distribution of rivers and wetlands, landscape ecological functions, and hydrological modifications, and prioritize conservation and restoration at the sub-watershed scale [48]. The planning must also adopt local wisdom so that the plan will be more readily accepted and applied by the community and be applied to environmental functions. These watershed management plans should use a bottom-up, not a top-down approach [49].




3.2. Internalization of Watershed Planning into Regional Spatial Master Plan (RTRW)


Spatial planning consists of all levels of land use, including decision-making aspects of structural-spatial elements. It is also a continuous process influenced by multi-sectoral policies. Spatial planning is carried out through coordination and integration of spatial policies and involves more complex institutions than spatial regulations [50]. Spatial planning in Indonesia, under what is known as a regional spatial master plan (RTRW), is established at the regional/sub-regional level and administrative boundaries. On the other hand, the rapid growth of the population and increasing economic and social activities in the watershed have led to an unfavorable impact on water management and environmental quality [51], including an increasing number of environmental disasters [52]. In several cases, land-use changes have not been in accordance with the environment’s carrying capacity [53], and spatial planning has not been appropriate to locations identified as prone to hydrometeorological disasters [54]. Therefore, there should be an internalization of watershed planning in the RTRW, which would consistently and continuously determine the sustainability of watershed management in the future.



Watershed management is cross-sectoral [55], multi-stakeholder, cross-administrative, and cross-disciplinary. Internalizing the watershed management plan into the RTRW simply means integrating the recommended programs/activities as planning input through a series of directed institutional coordination involving all parties [56,57]. Integration, coordination, synchronization, and synergy among stakeholders are needed to encourage program implementation to be more targeted and to ensure that overlapping activities do not occur. The detailed process of internalizing watershed planning into the RTRW consists of three stages: (1) ensuring spatial compatibility with regional functions, (2) assessing the impact, and (3) making recommendations [58]. This process also requires a leading sector that is responsible for data entry. At the moment, the leading sector is the Directorate of Watershed Management and Planning, Directorate General of Watershed Management and Protected Forest, Ministry of Environment and Forestry.



In carrying out the internalization process, there are several obstacles [59]: (1) there is a lack of understanding by and support from stakeholders in the implementation of the watershed management plan; (2) watershed data at the site level require detailed and accurate supporting data, and until 2020 the available data have not met the required technical requirements; (3) not all provinces/districts/cities have regional regulations (Perda) on watershed management; and (4) existing equipment in the field has not functioned optimally to support the evaluation of watershed performance. Reducing the constraints requires an analysis of the region’s specific characteristics and local conditions related to its demographic and geographic aspects. At the local level, the spatial planning system implements legally binding land-use plans and provides the basis for regulating development through development permit procedures. Buildings that are unsuitable for land use will be prohibited, and no permits will be granted [60].





4. Watershed Management Practices in Indonesia


A complex relationship exists in the watershed among its components of land, water, and people. Unsustainable management brings about watershed degradation, indicated by high erosion, sedimentation, and threatened availability of freshwater. Spatially, conditions and changes of upstream areas impact downstream areas, including mangrove and peatland ecosystems. Sustainable watershed management simply means managing the resources to optimize socioeconomic benefit, provide environmental services, and enhance ecological functions [61]. The following sections discuss watershed management practices in Indonesia in the context of prioritization of watershed/sub-watershed, arrangement of forest extent, vegetative and mechanical techniques for rehabilitation, essential downstream ecosystems (mangrove and peatland), and socioeconomic benefits and participation.



4.1. Prioritization of Watershed


Implementing watershed management programs in Indonesia involves significant financial, human resource, multi-sectoral stakeholder, and central or regional government commitment [62]. Therefore, it requires prioritization that aims to recognize the most appropriate watershed for more operative strategies [63,64]. Of the approximate 17,076 watersheds, 2149 are priority watersheds to be restored and 14,927 are to be maintained [65], based on the Ministry of Forestry Decree No. 60/2014. Priority categorization uses the carrying capacity of watersheds by weighting and scoring the parameters and indicators, i.e., land condition, water system, socioeconomic and institution, waterworks investment, and spatial utilization [62].



According to the approach used for watershed prioritization as decreed by law, it is necessary to pay attention to the data, methods, and scale. A lack of data availability is often encountered, especially data collected periodically, for example, streamflow for ungauged watersheds and sediment concentration. Data quality and suitability also become problems, since the data scattered in the various institutions have different standards [66]. More effort is required regarding alternative approaches for data limitations and managing data across institutions with uniform quality and standards. Remotely sensed data could be used as an alternative in the case of data gaps, such as quantification of surface water availability [67] and monitoring of rivers and lakes [68]. It can also deal with multiple sources/scales of temporal/spatial datasets, covering a broad range of geographic areas, and is cost-effective [69,70].



Concerning the methods, some have shortcomings in the context of watershed scale, for example, the use of the universal soil loss equation (USLE) to predict erosion. Numerous scientists have noted the weaknesses of the USLE: applying the model outside the model origin locus was often overestimated [71,72], the model does not reflect the process, and the model is suitable for site scale, not watershed scale [73]. Several hydrological-based simulation models have been developed to overcome the limitations of the USLE and address the limitations of hydrological data, especially for ungauged watersheds [74]. Previous studies in Indonesia utilized hydrological models to predict erosion and water yield at the watershed scale, such as the agricultural non-point source (AGNPS) [75], areal nonpoint source watershed environment response simulation (ANSWERS) [76], and soil and water assessment tool (SWAT) [15,77,78] models.



The scale is not clearly defined in the context of either the spatial data used or the watershed level (national, provincial, local/district). An equivalence scale of spatial data, such as base maps, thematic maps, and remotely sensed data, is critical in spatial analysis. Using different scales of spatial data leads to varying levels of information gain, details of spatial data, spatial scopes, and process degrees [79]. Therefore, using inequivalent data scales in spatial analysis brings inaccurate results, such as overgeneralization and loss of crucial information [80]. Essentially, defining an equivalent scale for both data and context is required, starting from the watershed prioritization preparation and data collection stages.



Furthermore, it should be acknowledged that watershed classification is expected to describe the level of urgency for watershed management at the national, provincial, and district/city scales. Therefore, sub-watershed prioritization of watersheds, especially large watersheds, also needs to be defined in more detail based on the central issues. Supporting research in determining priority sub-watersheds, including in Indonesia, has been widely carried out with different main problems using various parameters and methods. The main issues generally used as a starting point for determining the priority of sub-watersheds are erosion, sedimentation, and flooding. Regarding the criteria used, there are two main groups, biophysical and socioeconomic. Most studies have focused on biophysical parameters, such as geo-morphometrics and land use/land cover [63,81,82,83,84,85,86,87,88]. Various methods are available to integrate selected criteria for the prioritization of sub-watersheds. In general, four main groups of techniques have been implemented in the framework of GIS: ranking and scoring of criteria [6,66,89], statistical approaches [85,90], multi-criteria decision analysis (MCDA) [87,91,92], and a combination of all three approaches [63].




4.2. Extent of Forest Cover in Hydrological Behavior of Watershed


Indonesia has a total land area of about 190.48 million hectares, 63% of which is forest areas, or about 120.6 million hectares [93]. Based on the latest government regulation concerning forestry (No. 23/2021), the area of forest and forest cover that should be maintained in a watershed or an island is determined by considering biogeophysical conditions, environmental carrying, carrying capacity, watershed characteristics, and biodiversity [3]. This regulation replaces the old provisions, which stated that the total minimum area of forest coverage distributed proportionally has to be at least 30% in a given watershed area to secure ecological, economic, and social benefits for surrounding communities. The precise number of 30% forest cover had been adopted long before from Forestry Law No. 5/1967 [3]. However, its origin is unclear, and it is the subject of discussion among many scientists and forest hydrologists nowadays. It was reported that in 1920 (during the Dutch occupation), the government enacted a regulation mandating that 20% of Java should be forested to sustain the proper hydrological function [94].



For decades, the question regarding the proportion of forest cover sufficient in a particular watershed to achieve a healthy environment and keep up with sustainability goals has often perplexed policymakers and scientists. There is no accurate explanation; however, numerous plausible arguments have been well documented, together with long historical antecedents of forest hydrology research globally. It is also reasonably important to review the ranges of forest cover in other countries and to conduct observations to scrutinize all comparable references. Some examples of recent forest cover data are as follows: Indonesia: forest cover 46.46%, total land 190.48 million ha; European Union: forest cover 43.00%, total land 423.26 million ha; United States: forest cover 30.84%, total land 982.78 million ha; Australia: forest cover 19.00%, total land 774.12 million ha; Great Britain: forest cover 11.76%, total land 24.36 million ha; Brazil: forest cover 12.2%, total land 835.81 million ha; Malaysia: forest cover 0.05%, total land 32.86 million ha; Thailand: forest cover 0.40%, total land 51.09 million ha; and India: forest cover 1.80%, total land 297.32 million ha [95].



The importance of forest existing in a particular watershed can also be understood by analyzing the intrinsic value of forest ecosystem services, covering provisioning, regulatory, cultural, and supporting services. Practically, forest ecosystem services represent the conversion of a wide array of forest vegetation properties, such as woody perennial trees, undergrowth plants, annual plants, animals, microorganisms, carbon storage, and soil-water conservation, into services that support human well-being [96,97]. More specifically, as natural watersheds or catchments, forests are ecologically essential natural resources that regulate hydrological behavior, conserve soil and biomass carbon, and become the substrates of tremendous biodiversity [98,99,100].



Drawing conclusions from many studies on the hydrological impact on watersheds as affected by land-use changes in the country should be carried out carefully since in most cases there are two confounding factors: climate variability and forest cover change variability over time. However, observing this hydrological behavior is still important to describe essential natural phenomena related to the hydrological evidence in order to ensure water yield sustainability and conserve forested watershed ecosystem function under altered circumstances.



The surface of forested soil is humus-rich, accompanied by an upper mineral soil layer where soil particles are intimately incorporated with organic matter. This condition generates a porous soil surface that absorbs rainfall very swiftly. An old logged-over tropical forest in Malinau has a high infiltration rate of 99.5–100% of rainfall [101,102]. Generally, a high infiltration rate in such forest soil has been well documented [103,104,105,106]. This forest soil property is essential for soil and water conservation in a forested watershed. Peak flow, the maximum flow rate within a designated period, is another essential characteristic of hydrological impact in forested watersheds [107]. For example, pine forest cover in a watershed of about 33% could reduce peak flow by as much as 74%, compared to 13% for pine forest cover in Java [108]. Likewise, teak forest cover in a watershed of about 74% could control peak flow by 41% better than the 53% for forest cover [109].



In addition, another critical hydrological advantage of sustaining forest cover in watersheds is related to delivering the amount of water to support communal and industrial needs. Research on water yield production as influenced by extending forested watersheds has been reported with both negative and positive results [110]. This may be because the hydrological response to forest cover change is likely watershed-specific [111] and determined by watershed properties [112]. Reducing forest cover was shown to increase water yield, and the trend curve resembles a sigmoidal line [107,113]. The larger the pine and teak forest areas in the particular watershed, the lower the annual water yield produced in Java. Furthermore, an increase in teak forested watershed from 53% to 74% was associated with a decrease in water yield of 26–60% [108,109].




4.3. Watershed Rehabilitation through Vegetative Conservation


The aims of rehabilitating degraded watersheds are to improve diversity, increase the commercial value of wood and non-wood products, increase forest functions, and improve soil fertility [114]. Degraded watersheds should be rehabilitated, especially in upstream areas prone to degradation into critical land [115,116,117]. There are several degraded land in upstream areas due to forest conversions that are not in accordance with the land capacity [19,118,119]. In addition, public awareness of the importance of forest functions in the environmental system is still low [120].



Based on Ministry of Environment and Forestry Regulation No. 105/2018, rehabilitation of degraded watersheds in Indonesia is officially carried out through conservation activities, specifically forest and land rehabilitation (FLR), including vegetative conservation, mechanical soil and water conservation (SWC) practices, and community empowerment [3]. Several rehabilitation activities through vegetative conservation (forest plantation) have been carried out since the early 1950s, but the success rate is still low [121]. However, the government of Indonesia always tries to improve rehabilitation in degraded watersheds through programs such as forest rehabilitation (reforestation inside and outside forest areas) and community, urban, and mangrove forest rehabilitation. The latest data from the Ministry of Environment and Forestry show that degraded watershed rehabilitation each year from 2015 to 2019 amounted to 200,457, 198,346, 200,990, 188,630, and 395,169 ha, respectively, as shown in Table 2 [65]. Some suitable species, especially prominent trees species [122], as well as a combination of slow-growing and fast-growing species, drove reforestation success [123,124]. The more varied the vegetation planted, the higher the species diversity, which makes the ecosystem more stable. Besides that, vegetation greatly determines the ability of the soil to hold water [125]; therefore, it can prevent and control erosion.



Focusing on maximizing the involvement of and benefits for communities, the main choices of forest plantation programs in Indonesia are social forestry and agroforestry in the state forest and on private land, respectively. It has been recognized by many empirical studies that agroforestry has more benefits than monoculture patterns, in both ecological and economic aspects [126,127]. In addition, in Indonesia, other forms of vegetative rehabilitation patterns and their modifications have also been developed, such as silvopasture systems, alley cropping systems, contour hedgerows, and grass barriers [128,129,130,131].



There are many benefits of vegetative rehabilitation activities. The main benefit is that these activities significantly improve and expand forest cover areas, especially on open lands prone to degradation [132]. Increasing the forest cover will have an impact on improving the physical, chemical, and biological properties of the soil to become more stable against erosion and degradation [133,134,135,136,137]. Vegetative rehabilitation activities have also significantly increased people’s income and welfare [138,139,140] and support sustainable land management systems [127,141].



Based on many research results, some lessons have been learned from the implementation of vegetative rehabilitation in Indonesia towards the sustainability of watershed functions, which will affect the success of watershed rehabilitation programs. First, the adequacy of the rehabilitation site is the most important factor in achieving the goal of rehabilitating degraded land. Conducting a land capability analysis (LCA) and critical land mapping during site selection is crucial in watershed rehabilitation planning [22,142,143]. Second, land suitability analysis (LSA), cropping patterns, the market orientation of farm products, and community preferences must be considered in selecting appropriate species [142,144,145]. Third, community participation and integrated management are important keys to the sustainability of watershed rehabilitation implementation. The level of community participation will affect the performance of rehabilitation plants. Many cases in various regions show that vegetative rehabilitation is not successful due to weak community participation, especially post-planting maintenance activities [146,147]. Meanwhile, management integration, as manifested by collaborative activities between related parties and the community, can ensure the sustainability of rehabilitation programs [146,148].




4.4. Implementation of Mechanical Soil and Water Conservation Measure to Control Erosion and Sedimentation


Well-managed dry land in a watershed is the key to successful watershed management, especially in the upstream area [149]. Upstream areas with steep slopes that are managed as agricultural land will probably become prone to degradation [150]. The primary constraint of upstream areas in Indonesia is the weak application of soil and water conservation (SWC), which results in a high level of erosion and degradation [119,151]. Upstream areas function as buffers for downstream areas, so it is necessary to implement SWC properly. Long-term vegetative SWC strategies are frequently unable to overcome severe erosion. Implementing mechanical (civil engineering) SWC can be a rapid solution to overcome the severe erosion problems in the short term.



The principle of mechanical SWC is to reduce run-off and erosion and increase the soil’s functional ability. The implementation is divided into two targets. The first target is soil conservation (SC) measures to control erosion and sedimentation, such as check dams, gully plugs, and terraces. The second target is water conservation (WC) to minimize surface run-off and increase water infiltration, such as agriculture sewers, infiltration wells, infiltration ditches, and reservoirs (retention ponds) [3,152]. Naturally, differences in the goals and objectives will affect the choice of techniques and measures to be implemented. However, it is not easy to separate the objectives of soil and water conservation in many cases because they are interrelated.



Institutionally, the implementation of mechanical SWC is carried out by various parties based on the duties and functions of each institution/ministry [153]. For example, the Ministry of Environment and Forestry is responsible for constructing mechanical SWC measures to control erosion and sedimentation in upstream areas. The largest sediment control construction (a check dam) holds only up to 250 ha of the water catchment area. Wider catchment areas are under the authority of the Ministry of Public Works, which is usually combined with a water conservation building to distribute the agricultural and domestic freshwater. However, every ministry/party engaged in natural resources management has the task of carrying out conservation activities in its working area, both vegetative and mechanical.



Flood control is an essential concern in watershed restoration programs in Indonesia [154]. Flood control activities are carried out comprehensively from upstream to downstream of the watershed [155]. In upstream areas, efforts to implement SWC include mechanical measures, such as infiltration ditches and reservoirs, and revegetation to increase water infiltration and reduce surface run-off. In the middle area, infiltration wells and retention wells/ponds are mostly constructed to increase rainwater infiltration. Meanwhile, in downstream areas, check dams, river embankments, retention ponds, and polders are built to reduce flood waterlogging.



Implementing mechanical SWC measures such as terraces, infiltration ditches, and sewers can reduce surface run-off and erosion [156,157,158] and increase land productivity [157,159]. Gully prevention structures such as gully plugs and check dams are also significant in controlling run-off to reduce sedimentation to downstream areas [160,161,162]. Mechanical techniques to prevent landslides such as gabions, retaining embankments, and horizontal drainage drilling have improved slope stability and made the land more resistant to landslides [163,164]. The construction of water conservation measures such as infiltration wells, reservoirs, and check dams is useful in increasing infiltration, controlling run-off, and providing raw water for agriculture, livestock, and domestic use [165]. Simulations of water conservation measures in the upstream and middle areas of the Ciliwung watershed include infiltration wells, bio-pores, check dams, and infiltration ditches, which can reduce flooding in Jakarta by around 34% [166].



Several points can be formulated with regard to the challenges for further implementation of mechanical SWC in Indonesia. First, its success is influenced by accurately identifying erosion problems in the field. Therefore, mechanical SWC planning must be carried out through a bottom-up approach. Second, the failure of mechanical buildings to carry out their conservation functions is influenced by errors in the construction process and weak post-construction maintenance [167]. Likewise, evaluations of the effectiveness of SWC constructions need to be carried out to obtain feedback for future planning [161]. Moreover, the sustainability of the mechanical SWC programs is strongly influenced by community participation [158]. The problem of limited funding can be overcome by collaboration between parties on the implementation (a cost-sharing mechanism). Capacity building to increase community knowledge helps in early recognition of problems with the land or utilizing local materials for SWC construction, such as bamboo [168].




4.5. Downstream Essential Ecosystem Management


4.5.1. Peatland Management


In general, tropical peatlands in Indonesia, such as in Sumatra, Kalimantan, and Papua, lie downstream of watersheds. The ecological function of peatland is to regulate hydrological aspects such as water storage, water supply, and flood control [169]. Peatland has a reversible drain characteristic; it absorbs water when the overland flow is abundant, and it functions as a water source in dry seasons. Reversible drying is strongly related to the peat-like characteristics of giant sponges, which are flexible, wet, and closely affected by land cover. The thicker the land cover, the lower the risk of being burnt and dry. Physical, chemical, and biological characteristics are significant in peatland hydrology [170]. These characteristics develop with peat vegetation and rain/river/seawater supply, resulting in fragile peatland. Thus, to understand peatland management, a good understanding of the peatland hydrological system is needed.



Peatland in Southeast Asia is degrading due to logging, conversion into other land uses, especially industrial plantations, drainage, and fires [171,172,173]. As an example, in Central Kalimantan in 1995, the government of Indonesia initiated a peatland development project to convert 1 million ha of peat and lowland swamp into rice fields [174,175], known as the Mega Rice Project (MRP). More than 4000 km of canals were built, including primary, secondary, and tertiary canals [174]. Studies [169,174,176] showed that drainage canals within the peatland increased surface run-off and reduced the capacity of peat water storage, resulting in a disturbance of the peatland hydrological balance. The peat domes were cut through by canals, resulting in excessive drainage, peat subsidence, irreversible drying, and increased fire frequency and severity [177].



The first effort to restore the hydrology in Block A of the ex-MRP area was the construction of dams by international NGOs [178]. To block illegally dug canals in Sebangau National Park, another NGO built many of the same type of dam within four years (2005–2009); 176 dams were constructed, which successfully increased the water table of Sebangau peatland [169,174]. To date, the national park management has constructed 1831 canal blockings to conserve the Sebangau peat [179].



The year 2015 marked Indonesia’s worst forest and land fire in 18 years [180]; it occurred from June to November, burning 2.6 million hectares of land. Along with the smoke and haze causing health problems, the World Bank recorded an estimated loss of IDR 221 trillion [181]. In all, 962,000 hectares, or 37% of the 2.6 million hectares of burnt land, were peatlands. To prevent further peatland degradation, the government of Indonesia established the Peatland Restoration Agency (Badan Restorasi Gambut (BRG)), responsible for coordinating and facilitating peatland restoration. The restoration target was set as 2 million hectares from 6 January 2016 to 31 December 2020 using three approaches: rewetting, revegetation, and revitalization of local livelihood (known as 3R).



Rewetting has been carried out to rewet drained peatland by constructing infrastructure such as canal blockings, canal backfillings, and deep wells. Revegetation is carried out by planting local peatland species to enhance the vegetation cover. Revitalization is aimed at maintaining the sustainability of economic revitalization in the community and raise awareness of peatland restoration. Up to 2018, BRG constructed 11,800 deep wells, 5936 canal blockings, and 242 canal backfillings [180]. Moreover, BRG claimed an estimated area affected by rewetting activities of 679,901 hectares or 62% of the total target. As many as 713 revegetation demonstration plots were planted in Riau, Jambi, South Sumatra, South Kalimantan, and Central Kalimantan Province. In terms of revitalization, it cooperated with 530 community groups, or 7950 people, for community livelihood activities. Various stakeholders also restored the hydrological properties of drained peatland in Central Kalimantan, South Sumatra, Jambi, and Riau [182,183,184]. Despite these positive efforts, the rewetting activities implemented used the trial-and-error approach [185].



Furthermore, to manage the watersheds in Indonesian peatlands, hydrological restoration implementation should be based on good planning, proper technical interventions, and proper monitoring and evaluation. In terms of revegetation and revitalization, tree site-species matching should be determined. At the same time, the community’s livelihood in the area should also be considered for the success of peatland restoration. The selection should be based on species that are tolerant to water-logged conditions and have high economic value to support the community’s livelihood. Involving communities is key to the success of peatland restoration in Indonesia.




4.5.2. Mangrove Management


Mangrove ecosystems are located downstream of watersheds and can be found in deltas where rivers flow into the ocean, in estuaries or lagoons, or along open coastlines [186]. This type of ecosystem has strong linkages with its surrounding hydrology and is influenced by freshwater and seawater exchange [187,188]. Recharge from upstream rivers, precipitation, and surface run-off are freshwater inputs that enter mangrove ecosystems, while oceanic inputs are controlled mainly by tides [188]. As an ecosystem influenced by hydrogeological factors, mangroves can function as natural filtration between land and coastal waters. As a result, they can improve water quality by serving as a buffer for pollutants, nutrients, and toxic contaminants before these can enter coastal habitats [189].



Mangrove loss in Indonesia increased rapidly in 1970, expanding from Java and Sumatra to Kalimantan, supported by government policies to increase timber production and aquaculture development. Mangrove timber production started where the provincial government had the authority to issue forest concession permits regardless of the concessions area. Since 2003, the leasing of mangrove forest extraction has been administered by the Ministry of Forestry, with a 30-year leasing period [190]. To date, three mangrove concession companies are running in Papua and West Kalimantan. Timber exploitation is also conducted by communities or individuals living around the mangrove forests for timber and firewood [191].



On the other hand, aquaculture has been a significant driver of mangrove deforestation in Indonesia, contributing 48.6% to the total in 2000–2012 [192]. Studies have shown that mangrove loss leads to many ecological impairments, such as biodiversity and economic losses [189]. Another important impact of the conversion of mangrove to aquaculture is the massive greenhouse gas emissions generated due to the loss of the mangrove’s carbon stocks and sequestration capacity [193,194,195].



Mangrove conservation includes activities to maintain and protect the ecosystems by designating a proportion of undisturbed mangrove areas as conservation and green belt areas [190,196]. To date, the Ministry of Environment and Forestry has established 13 mangrove ecosystem essential (MEE) areas important for biodiversity conservation [197]. Managing MEE areas must include protecting and preserving biodiversity and ecosystems and using the area’s potential based on existing ecosystem services. Since 2010, the government has focused on reforestation programs to restore the degraded mangrove areas; implementations include sylvo-fisheries (managing mangroves with aquaculture practices), intensive mangrove planting in degraded areas, and community nurseries. In 2020, the Ministry of Environment and Forestry replanted more than 17,000 ha of mangroves to provide job opportunities for local communities during the COVID-19 pandemic. Based on Presidential Regulation No. 120/2020 on the peatland and mangrove restoration agency [38], a stronger commitment by the government to restore mangrove ecosystems is indicated by an ambitious target to replant 600,000 ha of mangroves across Indonesia in 2021–2024. To ensure the success of mangrove reforestation programs, ecological requirements should be considered by planting suitable species in the appropriate zones. Involving communities, promoting collaboration among relevant stakeholders, and strengthening local mangrove governance in a sustainable manner by ensuring integrated planning and management between land and marine ecosystems would constitute a critical success in mangrove management.





4.6. Socio-Economic Benefits and Participatory Watershed Management


Services produced by the characteristics, functions, and ecological processes of watersheds become a support system for human life and the earth’s ecosystem [198]. Water affects the culture, livelihoods, and economy of the community. For people on large islands with many rivers, such as the Sumatra and Kalimantan Islands, the existence of rivers influences cultures, such as in settlements, transportation systems, natural resource extraction, and cultivation. The identity and existence of settlements, transportation, and water sources in Banjarmasin City, South Kalimantan Province, are influenced by the Barito River [199]. Meanwhile, the pattern of settlements is influenced along the Musi River in South Sumatra [200]. Rivers also influence settlement and transportation systems of the Bakumpai Tribe in Central Kalimantan, East Kalimantan, and South Kalimantan [201] and the Besemah Tribe in South Sumatra [202].



Water also has economic benefits that can be assessed in monetary terms. Several studies show the economic value of water in sub-watersheds in the highlands and lowlands, including peatlands. The economic value of water in the Perapau sub-watershed in the highlands of South Sumatra for household and agricultural purposes is USD 128,905 million and 832,187 per year, respectively [203]. The economic value of water from Bantimurung Bulusaraung National Park in Sulawesi is USD 144.3 million per year for the surrounding community and USD 10.4 million for the local government [204]. The economic value of water from the Merang Kepayang peat swamp forest (South Sumatra) is USD 530 per hectare [205]. Research on the economic value of water shows that water has a monetary value that is not inferior to other commodities.



Several facts show that a major part of forest management problems, as a component of watershed management, can be solved when local people are empowered to participate. Therefore, participatory watershed management is a promising approach to benefit from sustainable watersheds [206,207]. The following two success stories of participatory practices at the site level could be used to improve watershed management.



The Semende community in the upper Musi watershed, South Sumatra, has a key element that has led to a sustainable forest–sawah relationship. The sawah (rice field) is the main symbol of the life of the peasant community, with the upstream forest as one of the characteristics. It is designated as a social mechanism that becomes an integral package to ensure forest and watershed sustainability [208]. Meanwhile, strong motivation and active collective participation driven by shared awareness and interests have become social capital that encourages participation by the Muara Baimbai community in managing an area downstream of the Sialang Buah watershed in North Sumatra [209]. These are two examples of community management with a strong social and cultural capital in forest areas in watersheds. Watershed management with community participation is key to inclusive and participatory management. Referring to the ladder of participation, this type of management can be carried out if there is a high level of participation by the community, where power is distributed through negotiations between citizens and power holders. In this position, the community will actively encourage strong motivation, work allocation, fair profit sharing, strong internal ties, and extensive networks to strengthen social capital [210].



One of the success stories of increasing collective community participation through improving welfare is the development of micro-hydropower (MHP). The ultimate goals of MHP development are to raise the incomes of forest villagers and ensure that they are empowered and have the ability to manage their resources. From forest management interests, the development of MHP can be used as an instrument to enhance community participation in protecting and preserving the function of the forest.



The development of participatory-based micro-watershed management through MHP incentives was initiated by Environment and Forestry Research and Development Institute Makassar (BP2LHK) in three sub-villages (Singgang-Katimbang, Kayu Biranga, and Na’na) of Borongrapoa Village, Bulukumba Regency, in 2014. At this location, MHP is developed in what is known as a cascade micro-hydro system. The term cascade is used to describe two things: the physical design and the process of development. From the physical aspect, the term cascade explains the multiple uses of a single streamflow to develop series of MHP units sequentially from upstream to downstream. In terms of process, the term describes the sequential development process of MHP.



The success of the first unit of participatory MHP inspired and triggered the development of the next units. This series of MHP units were developed in a single stream for the three communities to empower collective participation: three different physical conditions and turbine specifications for three different socioeconomic characteristics of communities. By being directly involved in MHP development, people have a valuable experience, thus enhancing their knowledge. Through a competitive approach, people easily understand the correlation between water discharge and the resulting electricity capacity. Villagers know that the condition of the forest and water yields will determine the quantity, quality, and continuity of the forest benefits they can obtain. In addition, the competitive approach to make the MHP development and management more successful than other groups has stimulated the spirit of communal participation through fair competition. In the third year after the MHP units were built, when the management institution had started to run well, the electricity generated was then used to drive small industries (productive use of energy), the implementation of which was aided by several parties, both in terms of providing tools and institutional assistance.



Based on the two cases, the essential element of participatory watershed management is strengthening public awareness about the importance of maintaining and preserving watershed resources to ensure continuous watershed goods and services. Indeed, the study shows that regarding institutional and physical efforts to increase community participation, a transparent planning and implementation process is key to success. Participation will only happen when there is trust. It is impossible to gain trust without real transparent information. Transparency not only increases efficiency in resource allocation, but also enables a fair distribution of benefits [211,212,213,214]. Community participation in watershed management will occur when there is guaranteed access to watershed resources to fulfill people’s needs.





5. Monitoring and Evaluation of Watershed Management Performance


Achieving a sustainable watershed shows the success of natural resource management. Monitoring and evaluation are critical tools to provide valuable information on watershed management achievement in terms of a real sense of the output. The aim is to determine the watershed health level, which is the basis for deciding management planning for the next period [215].



The Minister of Forestry Regulation regulates monitoring and evaluation of watershed management based on two aspects: socioeconomic (including socioeconomic and building investment criteria) and environmental sustainability (including land, water management, and space utilization criteria). Each criterion consists of several sub-criteria, each of which has a weight, value, and score. The carrying capacity of the watershed is the sum of multiplying the total weight and score of all criteria/sub-criteria [3]. An evaluation framework is used to assess whether the watershed management objectives are in line with expectations. It is comprehensive and practical for monitoring and evaluating watershed management performance in the context of criteria and calculation methods. Regarding the criteria/sub-criteria for monitoring and evaluation activities, they are quite complex and sometimes difficult to implement in the field. Therefore, the criteria should be simplified in order to make monitoring and evaluation easier, cheaper, and faster, but also scientifically acceptable [216]. The criteria for watershed sustainability in Indonesia and other countries can be seen in Table 3.



Research suggests the use of three indicators: land cover index, land management index, and soil conservation practices [216]. Regarding the hydrological parameters, simpler parameters are proposed for evaluation by reducing the number from the 13 stated in the regulations to only five parameters. The study found a high correlation between several water quality parameters, such as biochemical oxygen demand (BOD), chemical oxygen demand (COD), potassium permanganate (KMnO4), and NO2 [221].



The criteria/sub-criteria in the Ministry of Forestry regulations could be used partially, depending on the site-specific issues and watershed scale, such as a carrying capacity evaluation of the Brantas watershed. In this watershed, an evaluation was based on water management sub-criteria including flow regime coefficient, annual flow coefficient, sediment load, flood frequency, and water usage index [222]. In of Unda watershed, assessment was based on land sub-criteria (critical land, percentage of vegetation cover, and erosion index) and water management sub-criteria [223]. Socioeconomic sub-criteria (population pressure on land, population welfare level, existence, and enforcement of rules) were used to evaluate the socioeconomic conditions of Brantas [224] and Moyo [225] watersheds. These studies concluded that the use of sub-criteria could partially explain each aspect’s conditions and problems (land, water management, and socio-economic) as the basis for determining management plans for the future.



Participation as a means of applying the bottom-up approach is another crucial part of the monitoring and evaluation system [226]. Participatory monitoring and evaluation of watershed performance mean all the processes are integrated [227]. Stakeholder participation in the process could be more effective in terms of the cost. It would also build awareness and technology transfer among stakeholders. Each stakeholder monitors and evaluates the related criteria and sub-criteria according to their tasks and responsibilities. For example, the requirements for land and space utilization are monitored by the Ministry of Environment and Forestry, water management and building investment criteria by the Ministry of Public Works, and socioeconomic criteria by the Ministry of Agriculture. Besides the formal stakeholders, the involvement of informal stakeholders could strengthen watershed management accountability and ensure that the management objectives align with stakeholders’ needs.



In the temporal context, monitoring and evaluating watershed management might need to be a long-term effort that requires scientific research. It takes a long time for the impacts and benefits to be established when watershed management programs are implemented. Monitoring and evaluation systems have to obtain and track the fluctuations of effects over time. Therefore, the contribution of scientific research has to be set up for the long term and become the responsibility of public institutions [226]. The relationship between research and public institutions in charge of monitoring and evaluating watershed management is very close because the parameters and threshold values that are determined are obtained from research findings. Although the impact of watershed management implementation can only be seen in the long term, short-term evaluations need to be carried out to see the trend in the direction of the objectives. In addition, short-term evaluation is also used to assess whether the plans that were prepared need to be adjusted.



Monitoring and evaluation systems also have to adapt to technological advances that can collect, analyze, and interpret results. The development and advancement of Geographic Information Systems (GIS), remote sensing (RS), modeling, and computer systems have made monitoring and evaluation more effective, more cost-effective, and less time-consuming. They also derive data and information more accurately with high resolution, both spatial and temporal, such as watershed characteristics and changes in land use/land cover [228]. On the other hand, modeling of watershed systems provides a comprehensive understanding of the processes within the watershed, especially the hydrological process, the relationship between biophysical and anthropogenic entities, and the linkage of upstream and downstream. These technologies are powerful tools to compensate for the limited data and information often encountered in most watersheds of developing countries, including Indonesia [229]. However, the use of a hydrological model requires accurate input of data. Advances in computer and information technology can be utilized for monitoring and evaluation systems. Satellite imagery will make it easier and cheaper to collect data for monitoring and evaluation of watershed management, especially data on land cover, rainfall, and flooded areas. In the future, monitoring and evaluating watershed sustainability should be conducted online so that everyone can have equal access. For example, the Ministry of Public Works monitors river discharge online, on the website www.tech4water.com (accessed on 3 August 2021). Monitoring river water quality also needs to be added, because pollution in rivers is expected to increase in the future. Apart from analyzing water quality, pollution indicators in rivers can also be developed by identifying aquatic biota. By identifying water biota, local communities can also play a role in monitoring river water quality.




6. Conclusions


Indonesia has a long history of watershed management, but its implementation requires further work to achieve sustainability. A sustainable watershed begins with management institutions formed with a bottom-up approach, starting from the local community and working up to the national level. Its effectiveness is supported by the availability of regulations in every management aspect. However, Indonesia’s juridical aspects of watershed management involve hierarchical confusion, discrepancy, and asynchrony among regulations. The obstacles should be gradually overcome with the issuance of new laws that will guide environmental legislation. The challenges should be addressed by all stakeholders responsible for the formulation of laws and regulations.



In watershed management, institutions are a very important factor. Watersheds must be managed with a complex ecosystem approach and involve a multi-institutional, multi-actor, and cross-border focus (administration and ecosystem). With multiple stakeholders, participation, synchronization, and coordination are important keys in improving the watershed management institution, especially in Indonesia. Watershed management planning does not run well due to a lack of communication, coordination, cooperation, policies, and regulations. To overcome the problem, the participation of all parties should be increased, the integration of plans from all sectors, government levels, and parties involved should be improved, the watershed management authority should be clearly defined, and a management plan should be incorporated into provincial and district spatial planning.



In accommodating community participation and local community wisdom, the mechanism of watershed management planning should use a bottom-up approach and be carried out online to obtain broad feedback. Internalizing watershed planning within regional spatial planning often encounters obstacles due to a lack of understanding and support from multiple stakeholders and limitations with regard to the required supporting data and field instruments. Analyzing the region’s specific characteristics and local conditions related to demographic and geographic aspects is required to minimize this constraint.



The implementation of watershed management programs in Indonesia involves significantly limited resources. Watershed prioritization is an effort that is being pursued even though there are still constraints due to data gaps. This situation can be addressed by using remotely sensed data and applying hydrological-based simulation models. The bridging of data gaps is also needed to determine the effect of forest cover on the hydrological behavior of a particular watershed. These related studies are becoming important, because the hydrological merit of sustaining forest cover in watersheds is related to delivering the amount of water needed to support communal and industrial needs.



Watershed degradation is often the result of forest cover conversion and land utilization that is not in accordance with the land capacity. It will bring disaster and severe land damage. The implementation of degraded watershed rehabilitation in Indonesia towards the sustainability of watershed functions has been carried out with vegetation and mechanical constructions. Better results should be obtained with adequate information on degraded watershed characteristics, the use of appropriate species and mechanical construction, and most importantly, community participation. Watershed degradation, especially in downstream areas, is also often caused by the conversion and excessive utilization of peatland and mangroves. To prevent further peatland degradation, the restoration target was set at 2 million hectares using rewetting, revegetation, and revitalization of local livelihoods. This approach should improve the ecological conditions, pay attention to economic community aspects, and raise awareness of peatland restoration. To minimize the restoration failure, the implementation should proper technical interventions for rewetting and the selection of species tolerant to water-logged conditions with high economic value to support the community’s livelihood. For mangrove reforestation programs, ecological requirements should be considered by planting suitable species in the appropriate zones. Community involvement, collaboration among stakeholders, and strengthening local mangrove governance in a sustainable manner would mean critical success in mangrove management.



Based on the success stories presented here, the essential element of participatory watershed management is strengthening public awareness and trust regarding the importance of a sustainable watershed. Guaranteed access to watershed resources and community involvement in transparent planning and implementation processes are the keys to increasing community participation. In assessing the achievement of watershed management, monitoring and evaluation are conducted based on socioeconomic and environmental aspects. The criteria used are quite complex and sometimes difficult during implementation due to a lack of appropriate data. Simplified criteria could be used, depending on the site-specific issues and watershed scale. Data limitations can be overcome with the use of hydrological models and satellite images, and community involvement by developing online methods. Furthermore, research is still needed to strengthen the policies for effective institutions, community participation, successful rehabilitation, simplified criteria for monitoring and evaluation, and fulfillment of essential data in every aspect of watershed management.
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Figure 1. Watershed distribution in Indonesia. 
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Figure 2. Hierarchy of Indonesian legal system. 
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Figure 3. Process of watershed management planning [3]. 






Figure 3. Process of watershed management planning [3].



[image: Sustainability 13 11125 g003]







[image: Sustainability 13 11125 g004 550] 





Figure 4. Position of watershed management plan in national development planning system [3]. 
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Table 1. Formal institution of watershed management.






Table 1. Formal institution of watershed management.





	
Level of Government

	
Authorized Institution






	
I. State Government

	
Ministry of Environment and Forestry

(Law No. 41/1999 on Forestry and Law No. 32/2009 on Environment)

	
Ministry of Home Affair

(Law No. 23/2014 on Regional Government)

	
Ministry of

Public Work

(Law No. 17/2019 on Water Resources)

	
Ministry of

National Development Planning

(Law No. 25/2004 on National development planning system)




	
Directorate General (Echelon I)

	
Watershed Management and Protected Forest

	
Fostering Regional Development

	
Water Resources

	
Deputy for Maritime Affairs and Natural Resources




	
Directorate

(Echelon II)

	
1. Watershed Planning, Monitoring, and Evaluation

2. Soil and Water Conservation

3. Inland Water Damage Control

	

	
1. Directorate of Water Resources Management System and Strategy

2. Directorate of Rivers and Beaches

3. Directorate of Irrigation and Swamp

4. Directorate of Dams and Lakes

5. Directorate of Groundwater and Raw Water

6. Directorate of Operations and Maintenance

7. Directorate of Water Resources Engineering

	
Directorate of Forestry and Water Resources Conservation




	
Technical Implementation Unit (Echelon III)

	
Watershed Management and Protected Forest Institutes (34 institution for 34 priority watersheds)

	

	

	




	
II. Local Government

A. Province

	

	
1. Forest Services

2. Environment Services

3. Water Resources Services

	
River Basin Institute

	
Provincial Planning Agency




	
B. District/Municipality

	

	
1. Environment Services

2. Irrigation Services

	

	
District Planning Agency
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Table 2. Achievement of vegetative rehabilitation activities from 2015–2019.
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Vegetative Conservation

	
Rehabilitated Watershed Area (Hectares)




	
2015

	
2016

	
2017

	
2018

	
2019






	
Forest rehabilitation (Reforestation and afforestation)

	
10,508

	
7067

	
35,123

	
25,179

	
206,000




	
Community forest

	
189,218

	
190,567

	
164,240

	
162,500

	
188,168




	
Urban forest

	
240

	
215

	
452

	
-

	
-




	
Mangrove forest

	
491

	
497

	
1175

	
960

	
1000




	
Total

	
200,457

	
198,346

	
200,990

	
188,630

	
395,169
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Table 3. Criteria for watershed sustainability in Indonesia and other countries.
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	Country
	Criteria
	Sources





	Indonesia
	Land, water management, space utilization, socio-economic, building investment
	[3]



	Bangladesh
	Policy planning, economic, ecology, risk factors, livelihood, management planning
	[217]



	Australia
	Physical form, hydrology, vegetation, fish, macro vertebrata
	[218]



	USA
	Landscape, geomorphology, hydrology, water quality, biological condition, habitat
	[219]



	UNESCO
	Environment, hydrology, life, policy
	[220]
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